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PREFACE TO THE SECOND EDITION. 

V 

The object of the writer of the present work has betn twofold : 
firsts to lay before the Naturalist a compile view of the organi- 
zation and physiological relations of every class of living beings; 
and secondly^ to offer to the Anatomical Student a succinct 
account of the structure and development of the vital organs 
throiigli all the modifications they present in the long series of 
the animal creation. ^ 

Such were the intentions of the Author, as announced at the 
commencement of his undertaking ; and the reception the first 
edition received at the hands of the public has been such as to 
afford gratifying proof that his efforts to facilitate the progress of 
the cultivators of^a science the Importance of which is becomi^ 
every day mrye conspicuous have not been unsuccessful. 

Since the publication of the preceding edition, however, great 
and important advances have been made in our knowledge : many 
and earnest have been the labourers in tliis enticing field, and 
proportionately encouraging have been the results. The inde-« 
fatigable industry of Professor Owen, conspicuous in every de- 
partment of our science, has, by his invaluable analysis of the 
vertebrate skeleton, not only re-modelled the nomenclature of the 
osteologist, but placed in tlifi hands of the Geological Student a 
light wherewith to guide his steps amid the darkness of departed 
worlds. Tlie improvements in our microscopes, and the zeal of 
our microscopists, have much advanced our knowledge of the In- 
fusorial organisms. The researches of Van Beneden and Siebold 
relative to the embryogeny of parasitic worms open before us a 
new ffcld of research ; while the observations of Steenstrup, 
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Dalyell, and Agassiz, on the " alternation of generations'^ among 
the Hydriform Polyps and Acalephae, promise results of the 
utmost interest to the Naturalist. 

The discoveries of Milne-Edwards have importantly increased 
our information concerning the organization of the MoUusca as 
well as of the Alcyonoid Polyps 5 and those of Muller, fevealing 
the metamorphoses of the Echinodermata, add new lustre to a 
name already so distinguished in science. 

To particularize our own countrymen and fellow-labourers 
whose names give value to the following pages would be an in- 
vidious task ; suffice it to say that the Author has endeavoured, 
to the best of his abilijiy, to keep pace with their diligence and 
onward progress, so as adequately to record and acknowledge 
their contributions to the general stock of scientific lore. 

To Mr. Van Voorst, the liberal Publisher of the present 
volume, the Author cannot but offer his best thanks ; the nu- 
merous and Astly illustrations that adorn the work speak for 
themselves, while his endeavours to publish it at a price placing 
it within the reach of every student will, it is hoped, be exten- 
sively appreciated. 
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The short interval which has elapsed since^the preceding preface 
was written alfords additional evidence of* the increasing useful- 
ness of this work. Encouraged by such success, the Author, in 
revising the present edition, has supplied sundry omissions, and 
added such new observations as the onward progress of ana- 
tomical science seemed to require. Important alt^ations in the 
arrangement of the Animal Series have likewise been introduced, 
among which may be pointed out the complete separation of the 
Protozoa from the Ciliated Infusoria, the introduction and 
redistribution of the class Helminthozoa, the transference of 
tlie classes Rotifera and Cirrhopoda into close proximity with 
the Crustacfa, to which they are related in many particulars of 
their economy, and the establishment of the Polyzoa as legiti- 
mate members of the Molluscous division of Creation. As a 
general rule, however, th» Author has been careftil to avoid un- 
necessary changes in zoological classification, from a conviction . 
that they are rati/cr calculated to embarrass than to facilitate the 
progress of the student of Comparative Anatomy. 
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THE ANIMAL KINGDOM. 


CHAPTER I. 

ON CLASSIFICATION. 

(1.) Eiio:\r the earliest periods to the present time, the great dosi- 
dcratiini in Zoology has been the establishment of some fundamental 
system of arrangement which, being universal in its application, should 
distribute the countless beings surrounding us into natural groups or 
divisions, such as might be subdivided into classes, orders, and genera, 
by obvious differences of structure in the tribes composing them, and 
thus enable the Zoologist at once to indicate the position wliich any 
unknown animal ought to occupy in the scale of existence, and its 
relations with othor creatures. 

(2.) Aristotle, the father of our science, was the first who attempted 
a scientific division of the animal world The outlines of his system 
were rude in proportion to the necessarily limited knowledge at his 
disposal, although his effoirts wore gigantic, and still excite our warmest 
admiration. This acute observer admitted but two great sections, in 
one or other of which all known beings wore included, — the highest 
comprehending creatures possessed of blood (/. c. red blood), corre- 
sponding to the Vertebrata of modem authors ; the lowest embracing 
animals which in his view were exsanguoous, or provided with a colour- 
less fluid instead of blood, and corresponding to the Inveutebrata of 
more recent zoologists t. 

(3.) Linnaeus, like Aristotle, selected the circulatory system as the 

* Historia Animalium. 

t np6s dk TovTois rd fiev evai^a rvyxdvei ovra, olov avBptairos Kat ittttos Kai 
rrdvO’ *6<ra rl airodd can reXea ovra ^ rerpdiro^a, ro da^at/ta, olov fiekiTra Kai 
Kai ruv OaXarriutv atjiria Kai Kapa^os Kai irdvB’ o<ra trXeiovt rr6Sas ex^t 
rerrdptjv, — Ilspi Zwa 'larSptoPf Kap, A. 
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foundation of his arrangement*, dinding the animal creation into three 
great sections, characterized as follows : — 

I. Animals i)osscsscd of ivann red blood, and provided ^\dtli a lieart 
containing four compartments, viz. two auricles and two ventricles. 
Such arc the Mammalia and liinns. 

IT. .ilnimals with cold red blood, their heart consisting of ]»ut one 
auricle and one ventricle, as he believed to be the case in lliorTiLKs and 
Fisnns. 

III. Animals possessed of cold white sanies instead of blood, liaving 
a heart consisting of a single cavity, which he designates an anricb': 
under this liead he includes insects and all other invertebrate animals, 
to wliich latter he gives the general name of VnitMEs, Worms. 

AVe shall not in tliis place comment upon tlie want of anatomical 
knowledge conspicuous in the above definitions, or the insufficient data 
afforded by them for the pui-poses of Zoolog)'. The apparatus of cir- 
culation, being a system of secondary imjiortance in the animal (‘(onorny, 
was soon found to bo too variable in its arrangeimmt to warj'ant its 
being made the basis of zoological classification, and a more permanent 
criterion was eagerly sought after to supply its place. 

(4.) Among the most earnest in this search was our distinguished 
coimtr)'man^ohn Hunter, who, not satisfied with the results olitained 
from the adoption of any one system, seems to have tried all the mori' 
ntal organs, tabulating the difierent groups of animals in accordance 
with the structure of their apparatus of digestion, of their hearts, of 
their organs of respiration, of their generative organs, and of tlnur 
nervous system, balancing the relative importance of each, and sketch- 
ing out with a master hand the outlines of that arrangement since 
adopted as the most natiural and satisfactory f. , 

The result of the labours of this illustrious man cannot but be of 
deep interest to the zoological student, and accordingly an epitome of 
his ideas upon the present subject is hero concisely given. 

The apparatus of digestion appears to be among the least efficient 
for the purpose of a natural division ; as the separation of animals into 
such as have a simple digestive cavity, receiving and expelling its 
contents by the same orifice, and such os have an aperture for the 
expulsion of the contents of the alimentary canal distinct from that by 
which food is taken into the stomach, is by no means of practical 
utility, although this circumstance, as we shall afterwards sec, has 
been much insisted upon. 

Hunter’s arrangement of the animal kingdom in conformity with the 
structure of the heart was a great improvement upon that of Linnojus, 

* Systema Naturas. yindobona;, 1707. 13th edition, 
t Descriptive and Illustrated Catalogue of the Physiological Series of Comparative 
Anatomy contained in the Museum of the Boyal College of Simgeons in London, 
vol. iii. part i. 18.35. 



SYSTEMS OF HUNTER AND CUVIER. 3 

foiindod 111)011 the same })asis. Ho arranges in this manner all animals 
in five groups. 

I. (Creatures whoso hearts are divided into four cavities — Mammalm 
and Jiinfs. 

IT. Those liaving a heart consisting of three cavities — licftiles and 
Ampltihin*. 

III. Animals possessing a licart with two cavities — Fishes and most 
Mollusca. 

IV. Animals whoso heart consists of a single cavity — Articulated 
Animals. 

V. Creatures in which tho functions both of stomach and heart arc 
performed hy the same organ, as in Medusce. 

\Vc shall ])ass over Hunter’s sketches of arrangements founded on 
the respiratory and reproductive organs, as offering little that is satis- 
factory; but the researches of this profound i^hysiologist upon the 
employment of the ni'rvous system for the pui’jiose of zoological distri- 
bution did niucli to inaugurate a more natural method of classification, 
afterwards carried out Avith important results. 

( 5 .) The appearance of the Animal Ivingdom distributed in ac- 
cordance with its organization,” of Cuvier, formed a new and important 
era in Zoology. In this we find all creatures arranged In four great 
divisions, Vkrteluata, !Mollijsca, Articulata, and Hadiata. These 
divisions, with the exception of the first, arc named from tho external 
appearance of tho creatures composing them; nevertheless tho three 
first are defined by characters exclusively drawn from their internal 
organization, tho arrangement of the ncrv'ous system being essentially 
the primary character of distinction, and have been found to be strictly 
natural ; whilst the last division, characterized by the appellation of 
Radiata, in tho formation of which the structure of tho nervous system 
has been allowed to give place in importance to other characters of 
secondary weight, obviously embraces creatures of very dissimilar and 
incongruous formation. 

( 6 .) The Vertebbata are distinguished by the possession of an in- 
ternal nervous centre or axis, composed of the brain and spinal cord, 
which is enclosed in an osseous or cartilaginous case, and placed in the 
median piano of tho body, giving off symmetrical nerves, which are dis- 
tributed to all parts of the system. This general definition indicates 
a large division 1 1 ’ tho animal world, which, by secondary characters 
drawn from the stmeture of their organs of respiration and circulation, 
is separable into mammals, birds, reptiles, amphibia, and fishes. 

(7.) The Mollusc A have a nervous system constructed upon a very 
different typo, and do not possess any vertebral column or articulated 

* For the important discovery that tho heart of the Amphibia is divided into three 
cavities, instead of being composed of a single auricle and ventricle, we are indebted 
to Professor Owen (vide Zool. Trans, vol. i.). 

B 2 
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slvcleton. The neiTous contros consist of si'vorul detaclicd masses 
placed in ditforont parts of tlio body, witbout ri'gularity of distribution 
or symmetrical arrangvment ; and the entire p:rou]> is obviously natural, 
althoup:h Cuvier has ranged in it some creatures Avliieh, in the stnieture 
of their nt'rvous system, differ essential^ from those comprised in his 
own definition. 

(8.) The class of Auticflated Animals is likewise well fdiaracdc'rizc'd 
by the nervous system, which, in all the members of it, is com])osed of 
a double scries of j^anglia or nuisses of neurine, arranged in two ]).'irnllel 
lines along tlie abdominal surface of tlie body, unit(‘d by conimuiiicating 
cords, and from which nerves are given olf to the different segments of 
whieli the body consists. 

(0.) Tlie fourth division of Cuvut, namely that of ZoornvTRS or 
RAiUATEn Animals, is confessedly made u]i of the most hetcTogeneous 
materials, comprising cr(‘atur(‘s differing in too many imjiortant points 
to admit of their being associated in the same grou]) ; and the (dforts of 
subsequent zoologists have been nijiinly directial to the establishment 
of something like order in this chaotic assemblage. 

(1(1.) The evddmit relation which the perfection of tlu^ nervous system 
boars to that of animal structure, and th<‘ success of Cuvier in selecting 
this as the great jioint of distinction in the establishment of the higher 
divisions of the animal kingdom, lU'cessarily h'd succeeding naturalists 
still to have recourse to this important part of the economy in making 
a further subdivision of the Radiata of Cuner. In some of the radiated 
forms, indeed, nervous filaments are distinctly visible, and such are 
among the more perfectly organized of the group ; these, therefore, have 
been classed by themselves, and designated by Professor Owen the 
Nematonextbose* division of the animal world ; while those which arc 
apparently without tho least trace of distinct nervous matter have been 
formed by Mr. Macleay into a group by themselves, to which he has 
given the denomination of AcRiiAf. 

(11.) There can be no doubt that the nervous matter must bo re- 
garded as the very essence or being of all creatures, with which their 
sensations, volition, and capability of action are inseparably connected ; 
and such being tho case, it is a legitimate inference that the capacities 
and powers of the several tribes are in immediate relation with the de- 
velopment and perfection of this supreme part of their organization, 
and their entire structure must be in accordance with that of the 
nervous apparatus which they possess. The nature of the limbs and 
external membera, the existence or non-existence of certain senses, the 
capability of locomotion, and the means of procuring food must bo in 
strict correspondence with the powers centered in the nervous masses of 
the body, or in that arrangement of nervous particles which represents 
or replaces them. 

* vijfia, a threafl ; vevpov, a nerve. t « priv. ; Kpivu), ti) diseern. 
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(12.) (iraiiting ilio iwicuracy of the above view, it is obvious that, if 
exactly ac(|uairite(l with the structure and elaboration of the nervous 
appJiratuH in iiiiy animal, we mif^ht to a great extent predicate the 
most important points in its economy, and form a tolerably correct 
estimate of its powers and general confonnation. Ihit, unfortunately, 
such lcnowh^dgli is not always at our dis])osal : in the lower forms of 
the animal world esjiecially, we are far from being able to avail our- 
selv(5S of such a guide ; and it will probably bo long ere our improved 
means of researcli permit us to a])ply to practice the views wliieli 
Physiology would lead us to adopt. It is, however, by no means our 
intention in the 2)rescnt work to enter the arena of discussion relative to 
the juxta])osition or precedence in the scale of animal existence which 
ought to 1)0 assigned to any particular group as defin(‘d by, modern 
zoologists. The classification employed in tlie following pages is simply 
adopted as being tlic most convenient for our present object ; we shall 
therc'lbre arrange our studies in accordance with the following sequence. 


CHAPTER II. 

PEOTOZOA^^. 

(13.) llnizoroDAf. — On carefully examining the contents of a marine 
aquarium, or a glass vessel casually filled with sea- water, the micro- 
scopic obseiTcr will not unfrcquently perceive, adherent to the sides, 
numerous beings which, from their minute size and transparency, have 
until a very rccelit period entirely escaped notice, although the part 
they are destined to play in the economy of this world is by no means 
unimportant. The body of one of these remarkable organisms (fig. 1, 1) 
consists of a minute siiherical vesicle, something resembling a globular 
flask provided with a short narrow neck, filled with a fa^^m- coloured 
glutinous substance containing numerous minute granules, and appa- 
rently unprovided with any external appendages. On placing one of these 
creatures, however, in a glass of sea- water (its native clement), it is found 
in the course of a few horn’s to hi^vc attached itself to the sides of the ves- 
sel by means of nu iicrous long ramified filaments of hyahno transparency, 
wliich soon begin to reveal their oflicc to be that of a locomotive appa- 

* irpuros, first; animal. 

t Fide D’Orbigny, Diet. Univers, d’Hist. Nat. 1845, v., and Foraminiferes Fossiles, 
184G : Ehronberg, Berlin Trans. 1838 and 1839, or Weaver’s abstract, Ann. Nat. 
Hist. 1841, vii. pp. 290, 374: Dujardin, Ann. Sc. Nat. 1835, iv. & v. : Clark, Ann. 
Nnt. Hist. 1849, iii. 380; 1850, v. 101 : Williamson, Trans. Micr. Soc. ii. and Micr. 
Journal, i. : Carpenter, Trans. Geol. Soc. 1849, and Phil. Trans. 1850: Carter, Ann. 
Nat. Hist. 1852, x. 




1. Oromia ov\formi«^ with the rhiziform tcntarles disp\(tyrd. 

2. Filaments fused together into a kind of network. 

the transverse diameter of the body ; still they exhibit in their interior 
no appearance of organization, but resemble so many threads of molten 
glass. When protruded, each of these filaments, at first simple and of 
equable diameter through its entire length, soon begins to elongate itself 
in a very mysterious manner, moving in different directions, as though 
seeking some basis of support. As the elongation of the filament con- 
tinues, apparently owing to a constant infiux of new material into its 
substance, it is seen to give off here and there secondary branches, 
which, in turn dividing dichotomously, give to the whole structure the 
root-like appearance represented in the figure. The retraction of these 
singular organs is accomplished by a sort of inversion of the above pro- 
cess, each filament shrinking as it were into itself until it totally disap- 
pears. The most remarkable circumstance, however, observable in the 
economy of these creatures is, that the protruded filaments arc able to 
coalesce and, as it were, to become fused together, forming a gela- 
tinous network that spreads out in all directions (fig. 1, 2). 



FOllAMINIFERA. 


(14.) When a Khizopofl, having all its filaments thus extended, 
wishes to udviincc in any given direction, those threads whicli arc 
directed in front become clongati'd, and those placed behind, on the 
contrary, arc drawn forward, while the intermediate move so as to 
accommodate themselves to each change of position, thus evidently 
exhibiting a consentaneity of action. 

(15.) Internally these creatures present no traces of any special nutri- 
tive apparatus ; neithcrare there any organs appropriated to reproduction, 
their multiplication being apparently accomplished either by gemmation 
or by simj)le division, as any portion of the mass separated from the rest 
seems ca 2 >abh' of living and of fuming a new centre of organization. 

(10.) The delicate body of 6Vownh, above described, is unprovided 
with anytliing like a shell; Imt there arc many races prese/iting an 
organization in every way analogous (such as the MUiola’^ the Cristel- 
larice, the Vorticialo^ and others), that possess the power of secreting 
sliells of very ex(piisite texture, many of which fbm extremely beautiful 
obji'cts Avhen (examined under the microscope. 

(17.) The FouAMiNirKUA constitute a veiy curious and remarkable 
group, important from the immense nura- 2. 

bers in whicli they occur in a fossil state, 
and interesting from the pccidiarities of 
structure whereby they are distinguished. 

The shells of these singular organisms 
(fig. 2) are divided into distinct com- 
partments*', so as almost exactly to re- 
semble in their form the camerated shells 
of the Nautili, Ammonites, and other 
liighly-organized ^moUusca. Examined, 
however, in a living state, they are 
found to belong to animals of a very 
different type, as remarkable for the 
simplicity of their organization as for 
their elegance and delicacy. The shell, 
as represented in the figure, consists of 
numerous chambers divided from each 
other by calcareous septa, and perfo- 
rated by innume rable minute •orifices, 
or foramimy from which circumstance 
is derived the characteristic name. In- 
ternally these chambers are entirely filled , XonioniHa. exhibiting paeudopodia 
with a homogeneous, transparent, glaiiy 

substance, which, being soft and diffluent, 2. Tfu> same after the solution of the 
like the arms of Gromia described above, 

* Whence the grouj) 1ms also received the name of Polvtiulamia, i. c. many- 
chambered. 
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can be protruded throuj^h the numerous apertures in the pcripbeiy of 
the shell in the sliape of long contractile filuraeuts (jmmhjwdia). 

(18.) On removing the delicate calcareous sliell by tlie assistiuice of 
a weak acid, the body of the animal denuded of its covering (fig. 2, 2) 
is found to be entirely soft : that portion which is lodged in tlio first 
compartment of the shell is colourless and of a crystalline transparency ; 
but in each of the succeeding segments there may bo detected a granu- 
lar mass of a brownish colour, and not unfreqiiently the minute silicioiis 
shells oi Navlcnht^, BacUlarke, and other forms of Infusorial organisms, 
tl\e remains of which may be traced nearly as far as Ihe umbilicus of 
the spiral. 

(19.) The pscudopodia of the Foraminifera probably entiingle and 
lay hold ^of the minute bodies which sen'e as food, consisting of Diato- 
macoa), Desmidiea}, tlie smaller forms of Conferva", itc., and draw these 
by their contraction into the substance of tlie animal, within which they 
may bo seen through the transpiircnt shell. It is not by any means 
constantly that their indigestible residua arc cast forth again, for tlu'y 
sometimes accumulate in such numbei-s as even to clioke u]i a con- 
siderable part of the cavity. The living gelatinous su]>stauce is occa- 
sionally seen to extend itself around the ext(‘rior of the sludl ; and 
imudopodia ftiay then be put forth from this extension as well jis from 
the ordinaiy outlets. 

(20.) The Foraminifera are evidently composite fabric.s cvolvcsl by a 
process of continuous gemmation, each gemma remaining in coniu'xioti 
with the body by which it was put forth ; jind according to the plan on 
wliich this gemmation takes place will be the configuration of the 
shell. Thus, if a bud should be put forth from one of tliese cr(*atuj'es 
in the direction of the axis of its body, and a sccopd shell should be 
formed around this bud in continuity with the first, and this process 
should be successionally repeated, a straight rod-like shell will be pro- 
duced, having many chambers communicating \\uth each other by the 
openings that originally constituted their mouths, the mouth of the last- 
formed chamber being tho only aperture through which the gelatinous 
body, thus composed of a number of segments connected by pedicles or 
stolons of the same material, can receive a supjdy of food. Tho succes- 
sive segments may bo all of tho same size, or nearly so, in which case 
the entire rod will approach tho cylindrical form, or resemble a lino of 
beads ; but it often happens that each segment is somewhat larger than 
the preceding, so that the composite shell has a conical form, tho apex 
of the cone being the original segment, and its base tho one last pro- 
duced. If each of the successively formed segments instead of being 
developed exactly in the axis of its predecessor should be directed a 
little to one side, it is obvious that a curved instead of a straight rod 
will be the result ; and this curve may bo increased until it become a 
spiral. The character of this spiral will depend in a great degree upon 
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the cnlargcmoTit or non -enlargement of the successively formed cham- 
bers ; for sometimes it opens out verj^ mpidly, every whorl being con- 
siderably broador than that which it surrounds, in consequence of the 
great (ixcess of the size of each segnumt over that of its predecessor 
(lig. 2, 1); but more commonly there is little difference between the 
successive segments after the spiral has made two or three turns. In 
many genera the new segments are added in concentric rings, each 
surrounding its predecessors, so as to fonn flattened disks varying in 
size from that of a pin’s head to that of a sixpence. When such disks 
arc subjected to microscopic examination, they arc seen to be composed 
of concentric circles of cells (lig. if) which communicate with each 


Fig. 3. 



Struduro of the nilcan-oufl disk of an Orliitolia!:— v?, the central cell; 6, circiuuamhient cell; 
e, f, concentric zcjiich; d, </, annular {)!iHBiiRe8 of tlic outenuost zone. The aume ivarts' an* shown 
by a vertical section passing in a radial direction at c, e; and at/,/, following the course of one 
of tin; zone.'. 

other by means of lateral passtiges, and which in the living state arc 
each of them filled by the sarcodo whereof the living portion of the 
animal consists. In this case there can bo no reasonable doubt that tho 
radial extensions of the outermost zone issue forth as pseiidopodia from 
tho marginal pores, and that they search for and draw in alimentary 
materials in the same manner as do those of other Foraminifera. 

(21.) Where the growth of the disk takes place with nonnal regu- 
larity, it is probable that a complete circular zone is added at once. When 
the sarcode body has increased beyond the capacity of its enveloping disk, 
it may bo presumed that its pseudopodial extensions proceeding from 
tho marginal pores coalesce, so as to form a complete annulus of sarcodo 
round tho margin of tho outennost zone ; and probably it is by a deposit 
of calcareous matter in tho surface portion of tliis annulus that tho now 
zone of shelly substance is formed, which constitutes the walls of the 
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colls and passages occupied by the soft sarcodo body. Thus wc find this 
simple type of organization giving origin to fabrics of by no nu‘aiis mi- 
croscopic dimensions, in which, however, there is no other differentia- 
tion of parts than that concenied in the formation of the shell, every 
segment and every stolon (with the exception of the two forming tlie 
nucleus or centre) being, so far as can be ascertained, a precise repeti- 
tion of eveiy other, and the segments of the nucleus differing from the 
rest in nothing but their form. Tlio equality of the endowments of each 
segment is shown by the fact (of whic-h accident has frequently furnished 
proof), that a small portion of a disk entirely sejiarated from the re- 
mainder will not only cemtinue to live, but will so increase as to form a 
new disk, the loss of the nucleus not appearing to be of the slightest 
consequence from the time tliat active life is established in tlu^ outer 
zones. 

(22.) In Fivfjasina and the FinnmuHteSf apparently the most higlily 
organized of the Eoruminifera, the shell is of more complicated struc- 
ture, being permeated by a system of radiating intcrseptal canals com- 
municating 'snth the exterior. 

(23.) For the follo\Wng observations relative to the reproduction of 
the Foraminifein we arc indebted to Professor ^fax Schulze 
Remarking that an indiWdual of the genus TriJoculina (D'Orhigiiy) 
had become stationary for several days, and enveloi)ed, as is not usual, 
in a thin layer of brownish slime, Professor Max Schulze t paid jair- 
ticular attention to it. At the end of a few davs after it luad bt'come 
quiescent, minute spherical, shaqdy defined granules wore dedached 
from the bro'svnish slimy envelope, and in the course of .a few hours the 
animal was surrounded with about forty of these corpuscles, which 
gradually became more and more separated from it. , Alicroscui)ic exa- 
mination proved that these were young Foraminifera. When viewed 
by transmitted light, they presented a pale-yellomsh-hrown calcareous 
shell, consisting of a central globular portion partly surrounded by a 
closely- applied tubular part, and having no septum in the interior. In 
a short time the young animals protruded their contractile processes 
from the anterior opening of the shell and crawled about upon the glass. 
The parts of the body contained within the shell could bo examined with 
great accuracy under the highest magnifying powers, and were seen to 
consist of a transparent, very finely * granular, colourless material, of 
which the protruded filaments were an immediate continuation. From 
the circumstances under which the young Foraminifers made their 
appearance, they must necessarily quit their parent in a tolerably per- 
fect condition. 

(24.) When the calcareous shell of the parent animal was carefully 
* Muller’s Archiv, 1850, p. 163. 

t Professor Max Schulze, Uobor don Organismus der Polythalainien (Forainini- 
feren). Leipzig, 18.54. 
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broken up, it ^vas found to contain only trifling remains of a finely 
granular organic; substance, which, after careful and continued observa- 
tion, exhibited no trace of motion such as is often, under other circum- 
stances, presented in separated particles of the animal substance, nor 
could ho pcrcei^’o any vestige of a young one in process of development. 
The almost complete absence of any organic contents in the shell of an 
individual which from eight to fourteen days previously was creeping 
about, renders it probable that the whole (or, at any rate, part) of its body 
had been transformed into young ones. 

(25.) It is astounding to reflect upon the multitudes of these micro- 
scopic shells wliich crowd almost every sea-beach. In some eases at 
least one-half of the bulk of the sand seems to consist of these elegant 
organisms. 1‘lancus (Ariminensis, I)e Conchis minus notis) counted 
(JOOO in a single ounce of sand from the shores of the Adriatic ; and 
D’Orbigny estimated that an ounce of sand procured from the Antilles 
contained not fewer than 3,800,000 ! The numbers therefore contained 
in a square yard arc beyond all human calculation ; and yet, what is 
that when compared with the extent of sea-coast in all parts of the 
globe? Prol)ably therefore no race of animals is more numerically im- 
portant than that we arc now considering. Their remains constitute a 
great proportion of the so-called sand-banks which often 3b materially 
interfere with navigation by obstructing the entrance ,to bays and 
straits, or, as is the case with the port of Alexandria, blocking up 
harbours. They enter largely into the formation of coral islands, and 
not unfrcquently compose extensive geological deposits. One solitary 
species of the genus FicsuUna has, in Russia, given rise to enormous 
beds of calcareous shells. The cretaceous formations both of France 
and England contain them in immense quantities. The tertiaiy strata 
abijuiid with numerous species; and the very stones of which the 
largest of the Pyramids of Egypt is built are principally composed of 
shells (Nummulites) belonging to this important group. The tertiaiy 
basins of the Gironde, of Austria and of Italy, and more cspcciiilly 
the cahalres grossiers^^ of the vast Parisian basin, are in some parts 
so flUed with them, that 58,000 have been counted in a eubic inch, or 
about 3,000,000,000 in a cubic yard — ^figures that may well spare us 
further calculation. In fact, it might be stated without exaggeration, 
that the city of Paris, as well as ihany of the towns and villages in the 
surrounding departments, are almost entirely built of stones that seem 
to be mere agglomerations of these microscopic shells. 

(26.) The substance of the shell in the Foraminifera varies to a 
certain extent in accordance with its mode of growth. When the 
calcareous investment is made up of segments involving each other, 
it is of a dense texture, resembling porcelain. When the segments 
alternate without a spire, or when the spiral revolution is oblique, the 
shell is porous, and perforated, more especially in the last-formed com- 
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partments, by numerous apertures throujj:li which the 2 ^s€iaI(>po(Jii( are 
protruded. When the seg^ments are all placed in a straigiht lint', or 
^vhen they are rolled in a spiral upon the same plane, or when the}- are 
alternate and the shell is inequilateral, their texture is very gciu'rally 
transparent like glass 

(27.) Nearly related to the Foraminifera, or at least apparently be- 
longing to the same general ty|)e of structure, are the PoJijcifsihnt, an 
extensive group of very interesting microscopic- bodies possessing great 
beauty and variety of form and structure. These are minute sili cions 
shells, which appear, from the recent obseiTations of Profe^ssor Aliilh'!* t, 
to contain in tho living state an olive-brown sarcode extending itself 
into pseudopodial prolongations that p;iss through the lai’ge apc'rtiii’es by 
which the shells aro perforated. The sarcode does not seem al^-ays to 
fill the shell, but only its upper j)art or vault, iind <o be ver}* regularly 
dirided into four lobes. It is a peculiar feature? in tlu'se Polycystina that 
their shells arc often prolonged into spines or other projections, whi(‘h 


are sometimes arranged in 
such a manner as to give them 
a very singular aspect (fig. 4). 
It seems probable that these 
creatures arc at the present 
time as widely diffused as the 
Foraminifera, although, from 
their extreme minuteness, they 
have not been so often recog- 
nized. They were first disco- 
vered by Professor Ehrenberg 
at Cuxhaven, on the North 
Soa ; they were afterwards 
found by him in collections 
made in the Antarctic seas; 
and have been recently de- 
scribed by Professor Bailey as 


Fig. 4. 



1. Fodocjfltis Suhomburgkii. 

2. Bhopalocaninm ornatuni. 


presenting themselves (with Foraminifera and Diatomaccoo) in the de- 


* The following table indicates the proportions of genera and species of Foraini- 
niforous shells which have been met with iiv various geological epochs: — 

Carboniferous series 1 genus, 1 species ; 

Jurassic scries 4 genera, 20 „ 

Cretaceous series 30 „ 230 „ 

Tertiary series 35 „ 400 „ 

Now existing 08 „ 000 „ 

80 that 1031 species of these minute organisms liavo already been distinguished by 
classical naturalists. 

t Vide Muller, iiber die Thalassicollcn, Polycystincen und Acanthonietren des 


Mittelmceres, in Monatebericht der Konigl. Akadcraio dcr Wisscnschaftcn zu Rorlin, 
13 Nov. 1850. 
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posits broiip^ht uj) by the sounding-lead from the bottom of tlio Atlantic 
()c('an at depths of from 1000 to 2000 fathoms. They appear to have 
b('(m much more? al)undant, liowcver, during tlie later geological periods, 
inasmuc-li as in a single deposit in harljadoes, Professor Ehrenberg 
detected no fewer than 282 forms which he considers to be specifically 
distinct. 

(28.) Actinotmirys. — Among the most interesting contributions to 
our knowledge of those simple organisms are those of tlie distinguished 
(Herman micrologist Kdlliker, whose researches relative to the organiza- 
tion of Aiiinoplu'ifs aSVj?* are calculated to clear up many doubtful points 
eouiKU'ted with the physiological history of numerous allied genera of 
kindred striictiiro. The Actinophrys (fig. 5, 1) is a minute animalcule 


Fig. 5. 



yiofinnphri/g </, t,h<* corU'x; A, nuclona of tho animalcule; c, homofjcncoua basal sub- 

Rf.an<*<> ; d, vacuoles; c, wntncular Itlnnicnts. 2. The same, loss inafjnilb'd, at the nioment of feed- 
iiif':— tf’C, ns above; /, aft infuaorium which has just enU-red the substance of tho body, while the 
Hurroundinp filaments enclose it on all sides. .‘I. Another Bi>ccinn’n : — n-c, as in fig 1;/, a Vuu - 
cher id -Biiorv wholly imbedded in the cortical substance, the opening thro?igh which it enteri'd 
<‘ntirely closed, although its situation is indicated by a slight deitression ; //, another 8pon> already 
4>ntering the nuclear substance ; h, an infusorium lying in a special cavity ; t, a spore in the nuclear 
substance ; Ir, half-digested morsels ; I, a swallowed Lyneeu « ; wi, excrenicntitious mattt'r In'ginning 
its exit from (he cortical substance. The other figures represent the sarcodo highly magnified. 

nearly spherical in its shape, having the surface of its body covered with 
closely-set delicate filaments, the length of which frequently exceeds 
tho diameter of the creature. It does not present a trace of mouth, 
stomach, intestine, or anus, but consists entirely of a perfectly homo- 
geneous substance of soft and delicate consistence. Examined under 
a very high power, tho whole animalcule appears to be made up of a 
most regular and delicate tissue of round or polygonal cells, although 
on closer inspection such is found not to be really the true structure. 
When tho animal is tom or crushed, it becomes erident that it is entirely 
composed of a semifluid material {sarcode) enclosing vacuoles ; for it 
will bo found that tho supposed cells may at pleasure, under pressure, 

» Siehold and Kollikor’s Zeifwlir. vol. i. p. 198. 
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be made either to coalesce into larger or be divided into smaller ca\ itics 
, presenting in all respects the character of the normal ones. 

The lilamentaiy appendages to the i)eriphory of this animalcuh' arc 
essentially’ tentacular organs, composed of the same substance as the 
rest of the body, from wliich they differ only in never having vacuoles 
in their interior ; and if granules arc to bo detected in their structure, 
these arc very few in number. 

(29.) The mode in whieli the Actinophry’s is nourished is a subject 
of the highest interest. iVltliough, as has been stated, the creature has 
neither mouth nor stomach, y’ct it lives upon solid nutrinuuit and re- 
jects such parts as are indigestible. The Actin()i)hrys, indeed, feeds 
upon Infusoria of all kinds, on the lower Algae, such as the Diatomacea", 
and even on minute Cnistacea, as the young of Lijmrus, &c., 

which it accomplishes in the following manner: — When, in its progress 
through the water, it comes in contact with fitting food, tlic o))ject, 
whether of animal or vegetable nature, as soon as touched by one of the 
tentacular filaments, usudly becomes adherent thereunto. The fila- 
ment, with prey thus attached, then slowly shortens itself, dragging 
the object seized towards its devourcr, — all the surrounding filaments 
bending their points together, so that the captive becomes at last en- 
closed on every side (fig. 5, 2, /). 

(30.) That the tentacles, however, possess some other power than that 
of mere prehension appears evident, because nearly every creature of 
moderate and even immoderate size which strikes against them is at once 
for a time rendered immoveable. When a Rotifer, in crossing the field 
with velocity, strikes against any object, the rotatory organ is often seen 
at once to suspend its operation, more particularly should its cilia strike 
the cilia of another animalcule; andfrequontly no notioe whatever is taken 
of the shock ; not so, however, with the victim of the Actinophrys Sol, on 
the instant of contact with whose tentacles it appears to bo paralysed. 

In some cases the prisoner is held for some seconds on the exact 
spot where it struck, and then, without any visible means, becomes 
attracted towards the body of the Actinophry’s, gliding slowly down the 
tentacle until it is jammed between its base and a neighbouring one. 
In other instances, instead of the prisoner being arrested on or near 
the extremity of the tentacle on w'hich it strikes, it is shot down to the 
base with extreme rapidity, to occupy the same position as in the former 
case. Sometimes it would seem as if the appetite of the Actinophiys 
were sated, or that the captive was not approved of, for after remain- 
ing stunned for a few seconds, ciliary action is feebly recommenced, not 
sufficient to produce motion, but as if a return to vitality had been 
effected; shortly it is seen to glide off the tentacle (as if that organ 
possessed the power both of appropriation and rejection), and fre- 
quently, with hut little sign of recovered life, it floats out of the field. 

(31 .) But should the Actinoi)hry8 be hungry, the spot upon which 
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the captured animalcule is lying slowly retracts, and forma at first a 
shallow (h^prcission, in whicdi tlie prey, apparently adherent to the sur- 
face and following it in its retraction, is finally lodged. The depres- 
sion, by the conlimied retraction of the substance, becomes deeper; tho 
imi)risoncd animalcule, whicth up to this time had projected from tho 
surface of the Actinojdirys, entirely disappears within it, and at the 
same time the tcmtacula, which had remained with their extremities 
a])plicd to ea(ih other, again erect themselves and stretch out as before 
tho capture. Finally, the depression . assumes a flask-like shape by 
tho th’awing-in of its margin, the edges of which coalesce, and thus a 
ca\uty closed on all sides is formed wherein the prey is lodged. In this 
situation it remains a longer or shorter time, gradually, however, 
n])proa(diing tho central portion of tho body. In the mean ^ime the 
])eriphery of tho Actinophrys regains in all respects its pristine condi- 
tion. The ongidfcd morsel is gradually digested and dissolved, as is 
readily sccui b\' its change of appearance from time to time. If entirely 
soluble, as, for instance, an Infusorium, the space in wliich it is con- 
taincid contracts as the dissolution of its contents goes on, and finally 
disappears altogether ; should there, however, be an indigestible residue, 
a passage for its exit is formed, and it is expelled by renewed contrac- 
tions of tho horaogencjous substance, and in the same direction, or 
nearly so, as that which the morsel followed in its introduction. The 
passage and the opening through which tho expulsion was eficcted dis- 
appear again without leaving a trace. 

(32.) The number as well as the size of the morsels taken at one 
time, in tho manner above described, by an Actinophrys, is very various. 
Sometimes there may bo two, four, or six swallowed simultaneously ; 
occasionally morc^than ten or twelve. 

(33.) A remarkable contractile vesicle is always visible in these ani- 
malcules, wliich Mr. Weston* regards as a valvular orifice. It is best 
distinguished when about the edge of the seeming dishy and is never 
still night nor day, being slowly but without cessation protruded, occu- 
pying from ten to seventy or eighty seconds in its development, and 
then, like tho bursting of a vesicle, rapidly and totally subsiding ; for 
an instant it totally disappears, but only to be as gradually and as 
certainly reproduced. Should that side of tho creature where the valve 
is placed bo turned from the obscjrver, the e^eefs of the contraction are 
distinctly seen, although the valve itself is not ; for at the instant of its 
bursting and closure, some half a dozen or more of the tentacles situated 
on or about it, which have been gradually thrust from their normal 
position by tho act of its protrusion, now approach each other with a 
jerk-like motion caused by tho sudden bringing together of their bases. 

(34.) Tho valve scorns to bo formed of a double layer of the external 
hyaloid membrane, tho edges of which appear to adhere to each other 
Quarterly Journal of Microscopical Science, vol. iv. p. 116. 
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tenaciously, notwithstanding the growing distension from within, until 
the force becomes so great that the lips, as they may bo called, sud- 
denly separate, apparently to give vent to some gaseous product. 

(35.) With regard to the reproduction of the species, Mr. Weston 
assures us that self-division is one mode. First may be noticed a deep 
depression above and below, not far from the centre of the body ; this, 
as it increases, throws the tentacles across each other, as a necessary 
consequence of the depressions in the surface and the position into 
which the outer membrane (in which the tentacles arc inserted) is 
drawn. As the division proceeds, the two animals steadily, but rather 
quickly, increase the distance between them, until there is only a long 
membranous neck, apparently composed first of four, then three, then 
two irregular lines of cells, which ultimately diminish into a single 
cord composed of three simple cells, elongated like the links of a chain, 
and becoming more attenuated till the division is com])lcto. All this 
latter part of the process is rather rapidly performed ; that is, from the 
first formation of the rows of cells to the time of the final separation 
occupies only about a quarter of an hour. 

(36.) The NocTiLuc.n may perhajis be classed with the llhizopods. 
The general shape of the I^'octiluca* (fig. 6, 1) is that of a minute 


melon deeply indented at one extre- 
mity, at w'hich point is attached a sort 
of proboscidiform appendage or tail: 
externally its body seems to consist of 
two membranes of extreme delicacy, 
w^hich arc apparently filled wdth a clear 
fluid. At the bottom of the indenta- 
tion above-mentioned, close to the 
in.scrtion of the appendix, there Is 
always found a little mass of mud, or 
other detritus, w^hich it is very diffi- 
cult to wash away ; but wdien this is 
accomplished, it becomes perceptible 
that this foreign matter is adherent 
to a semitransparent granular sub- 
stance, which here protrudes through 
a little aperture generally called tho 
mouth, and which is continuous with 
a quantity of the same material situ- 
atc'd in the interior of the little globe. 



No digestive apparatus is visible; but 
numerous vacuoles of variable size 
(fig. 0, 2) are discovered in the gra- 


1. Noctiluca, mngnifiod, and virwod as n 
transparent object. 2. A portion of its in- 
ternal tissue magnified l.'iO diameters, show- 
ing vacuoles and rhizopo<lio expansions. 


nular substance ^vithin, together with a central nucleus. No rhizopodic 


* M. dc Quatrcfagcfl, Obscn'ations snr lea Noctiluqiios, Ann. dos Sc. Nal. I Sod. 
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expansions are in those organisms protruded externally; but in the 
interior the microscope reveals a delicate network of irregular filaments 
that ramify in every direction, and exactly resemble in their character 
the anastomosing threads of Gromia, represented in a preceding figure. 

(37.) In the vacuoles it is easy to perceive particles of green matter 
or other foreign substances, wliich seem to afford nourishment to the 
animal; so that those cavities doubtless perform the functions of tempo- 
rary stomachs, although they are constantly changing their shape and 
situation in a most remarkable manner. 

(38.) N'o reproductive apparatus is apparent in these little beings ; 
yet sometimes individuals arc to be seen with double bodies, and, from 
the observations of Colonel Baddeloy as recorded by Mr. Brightwell*, 
there seems to be little doubt that the Noctiluca multiplies by spon- 
taneous fissure. Colonel Baddeley’s researches lead him to infer that 
this process “begins by the gradual formation of a second nucleus, 
which aft(ir its commencement rapidly arrives at the size and appear- 
ance of the other. A second glol)ular substance also (termed by some 
previous writia’s on the subject the mouth) is formed, in addition and 
near to the nucleus ; and a constriction, small at fij’st, but gradually 
inci'i'asing, takes place, until the perfect Noctiluca) are dov^/oped, united 
at last by a thin band which is speedily ruj)tured, — the whole process 
of division not oc(;u 2 )yiiig more than twelve hours.” The observations 
of T)r. Busch t, and more 2 )articularly those of Mr. Gosse:};> dearly de- 
monstrates that the Noctiluca) increase ^Iso by germs or geaunue. 

(3iJ.) It will suri)riso some of our rciiders to find that the Noctiluca), 
small as they are, feed uj)on Biatoraaccoe, and that in these microphagists 
we have the means of sup])lying our cabinets with specimens of some 
of the rarer forms? Colonel Baddeley observes that he finds that, when 
ncvvdy cai)turcd, each Noctiluca has several Diatoms in its interior, 
lying in the various chambers or pouches distributed through the body 
of the animal. These Diatoms all disapp(‘ar in a few days, leaving 
nothing visible but the vacuoles or alimentary sacs filled w ith granular 
parti(;lcs. A very careful examination show^s an orifice near the tail or 
peduncle, the ojuming of which may be detected by carefully 2 )re 8 sing it ; 
and from this is i>rotrudcd, by continuous gentle pressure, a very thin 
liyaline sac, filling gradually wdDi tliiid and small granular particles, 
till it attains about one-third of the size of the animal, W’hen it bursts 
and disappears. 

(40.) The name Noctiluca is indicative of the extraordinary faculty 
that these little creatures i)ossess of emitting a brilliant phospho- 
rescent light. When a vase filled with sea- water containing them is placed 
in a (lark chamber, the slightest agitation is sufficient to excite this 

* Qimrtorlj Journal of Microsooinoal Science, vol. v. jj. 186. 
t Microscopical Journal, vol. iii. p. 203. 
t Rambles on tlio Dovonshiro Coast, p. 257. 

C 
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phenomenon, and the smallest undulations upon the surface are indi('ate(l 
by luminous circles. On examining one of th(‘ animalcules attentively 
with the microscope, it is further observable that tlie light given out is 
not universally diffused through the substance of its body, but is con- 
fined to minute luminous ])oints scattered liere and there, which inaki^ 
their appearance tn rapid succession and as suddenly vanish ; so that 
evidently there is no special organ to wliicli the luminous appeai-ance 
can be referred, as in the case of the glow-worm ami other p]ios]>ho- 
rescent creatures. In size these stars of ocean are tilmost inicros( Opi(', 
the largest of them not much exceeding the dimensions of a pin’s liead : 
but the amazing numhei-s in which tiny crowd the billows amply mak(‘s 
up for their minuteness ; at certain sejisous, indeed, it may be literally 
said that every (bop of every wave contains one or more individuals 
belonging to the brilliant host. On taking up at random a flask of sea- 
water, and allowing the bttle creatures to accumulate, as they always 
do when at rest, at the top, it will bo seen that their bodies will fonn a 
stratum equalling in thickness from one-seventh to one- third part of the 
entire contents of the vessel. After such demonstration as this, it is 
easy to comprehend how the entire sea, rendered luminous by the pre- 
sence of Nc^tiluca), seems to burn with phosphorescent fire. When 
the surface is tranquil in some well-sheltered bay, these living gems 
form a kind of cream of liquid light ; or if a W’ave disperses their myriads 
and at the same time calls forth by agitation all their brightness, it is 
easy to imagine how a flame is thus evoked that spreads for miles, 
giving at a distance the appearance of a uniform sheet of light, but, 
when closely examined, resolvable, like the nebulx in the firmament, 


into constituent stars. 

(41.) Am(eb.e. — Very nearly al- 
lied to theKhizopods in their organi- 
zation are certain minute gelatinous 
beings found in our fresh waters, 
which have long been puzzles to the 
raicroscopist, and a fruitful theme of 
discussion among naturalists (fig. 7). 
These creatures appear under a good 
glass as minute patches of transpa- 
rent jelly, having, under ordinary 
circumstances, a diameter of from 
T^th to yth of an inch, but re- 
markable for perpetually changing 
their form — at one time shrinking 
into the appearance of a little globe, 
then expanding into a flattened ra- 


Fif?- 7. 



yl /««■/>«, Hlnjwing th»' vacuoles in iCs Bnmxlic 
Hiibstance. «, d, c, d, some of the various 
shapes which it apsutnes. 


diating disc, and again shooting out processes of their substance in 
various directions, so as to assume all sorts of shapes with the greatest 
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fiicility, (losorviji«^ well the names of Proievs and Arnwhu bestowed upon 
them by zoologists. 

(42.) AVlu'ii a drop of water containin'^ these creatures is placed bc- 
Tieatl) the iniei oseo])e, the ol)scrvor at fir.st discovers nothing but a few 
semitransj)areiit or cloudy-looking motionless gloluilcs, from which flows, 
as from li dro]) of oil, a kind of semifluid stream, which, fixing itself upon 
the oi»jeet-a|as.s, seems to draw the entire mass slowly after it. In this 
way niiineroiis expansions make their appearance from different parts 
of llic body, whicli after spreading to a little distance again shrink 
and become comjdetely blended with the central i)ortion. Tlie young 
Amad)ie are perfectly diaphanous, and with difficulty perceptible except 
under favourable eireumst uncos ; but as they become older they lose this 
transparency in consequence of the accumulation of foreign particles in 
their interior, which seem to have been introduced from mthout by the 
simple pressure of the semifluid body of the animalcule as by the con- 
tractions and expansions of its various portions it crawls or rather flows 
over them. 

Fig. 8. 



Aiiin fxr prinrep^ (Khr.), inagnifii'a r.00 (liniiiilfrH. The fipurt's 1, 2, oxliibit Ihc sam^' animal 
nud its jirotcun oliangcs of for/u. 

There are, however, other corpuscles or granules, besides those above 
indicated, found in the interior of these creatures. Some, extremely 
minute and irregular in their sjiape, aj^pear to differ only in density 
from the surrounding glutinous substance, and these arc considered by 
Dujardin to be rather products of secretion than ova. They move about, 
appearing to flow in accordance with the variable ex^iansions of the 
creature which contains them. But besides these, in large specimens of 
Amoeba), other granules are met with (fig. 8, 1, 2, 3), which on account 
of the uniformity of their appearance might with more plausibility be 
regarded as reproductive germs ; but their nature is \ cry doubtful. The 
Amoeba) are capable of multiplication by spontaneous fissure, or by de- 
taching a lobe from their bodies, which will continue to live upon its 

c 2 
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own account just as well as when iorniinga part of the oripnal nnimal- 
culo. On cutting one of these creatures in two, or tearing it to pieces, 
there is no escape of fluid perceptible ; but eacli portion contracts itself, 
and commences a separate individuality. 

(43.) In one species {A. ?»rm/(’o.<jr/,Ehr.) Mr. Carter* has 

witnessed ovular develoj)ment, the Amoeba perishing as the dvii](‘s are 
perfected, and ending in becoming a mere ovisac. \Vhcn,first tbrnu'd, 
the omles, which are sidierical, consist of a hyaline capsule enclosing a 
sphere of glaiiy, refractive tluid; but as they b(‘gin to increase', this 
glaiiT matter becomes transfomed into a graniiliferoiis mucus which 
is spread over the inner surflicc of the capsule ; and finally the granules 
present motion — whether of themselves or by the aid of the mucus in 
which they are imbedded is uncertain. The history of tlu'ir further 
development has not yet been made out; but ^ilr. Carter thinks that tlu! 
next stage of their growth consists in the whole ovule becoming poly- 
morphic. 

(44.) Spoxoes. — HoAvever dissimilar apparently, both in form and 
structure, from the simple organisms described above, it is in their im- 
mediate vicinity that we must place the extensive group of Spoxgks, 
which has until recently held a very dubious position upon the coniines 
of the animal and vegetable kingdoms. 

(45.) The common sponge of com- 
merce is, as every one knows, made up 
of homy, elastic fibres of great deli- 
cacy, united with each other in every 
possible direction, so as to form in- 
numerable canals which traverse its 
substance (fig. 9, c). To this struc- 
ture the sponge owes its useful pro- 
perties, the resiliency of the fibres 
composing it making them, after 
compression, return to their former 
state, leaving the interstitial canals 
open, to suck up surrounding fluids 
by capillary attraction. 

(46.) The dried sponge is, how- 
ever, only the skeleton of the fabric. 

In its original state, before it was 
withdrawn from its native element, 
every filament of its substance was 
coated over with a thin film of glaiiy, 
somiHuid matter that constitutes the 
living part of the sponge, secreting, as it extends itself, the horny fibres 
which are imbedded in it. 

* Ann. & Mujj. Nut. Hist. 2nd Bor. vol, xx. .37 


Fig. 0. 



Spiculu and horny slcolcton of vnrtouH 
Spongfs. 


SPONGES. 


21 


(47.) Many spocicfl, althoiijifh exhibiting the same porous stnurtnro, 
have none of the elasticity of the oflieinal sponge, a circumstance to be 
attri])ut(Hl to the difierenco observable in the composition of their 
sktHeton or ramified fninnnvork. In such, the living investment forms 
within its suhstance not only tenacious bands of animal matter, but 
great (luantilies of crystallized sj)icula, sometimes of a cah^areous, at 
others of a*iilicious nature, united togdher by the tenacity of the fibres 
with which they are surrounded. On destrojdng the softer ])ortions of 
these skeletons either by the aid of a blowpipe or by the caustic acids 
(»r alkalies, the spicula remain, and may readily be examined under a 
microscope : they arc tlien seen to have determinate forms, generally in 
relation witii the mitural crystals of the earths of Avhich they consist ; 
and as the shape of the spicula is found to be similar in all s|)ongcs of 
the same s])ecies, and not unfrequcntly peculiar to each, these minute 
particles become of use in the identification of these bodies. 

(4t^.) Crystallized spicula of this description form a feature in the 
structure of the sponge which is common to that of many vegetables, 
resembling the formations called raj^likhs by botanical writers. Home 
of the prill cipjil forms they exhibit* are depicted in fig. 0 , cr, h, d, 
e, /, (j, which likewise will give the reader a general idea the appear- 
ance of the silicious and calcareous sponges after the destruction of 
their soft parts has been effected by the means above indicated. The 
figures dj e, /, and g likewise represent detached spicula of different 
shapes highly magnified. The most convenient method of seeing them 
is, simply to scrape off a few particles from tho incinerated sponge upon 
a piece of glass, which, when placed under the microscope, may be ex- 
amined with ordinary powders. 

(49.) On placing a living sponge of small size in a watch-glass or 
small glass trough filled with sea-water, and watching it attentively, 
something like a vital action becomes apparent f. The entire siufface 
is seen to be perforated by innumerable pores and apertures, some ex- 
ceedingly minute, opening on every part of its periphery ; othci's of 
larger dimensions, placed at intervals, and generally elevated upon 
prominent portions of the sponge. Through tlie smaller orifices the 
surrounding w^ater is continually sucked as it w^ere into the interior of 
the spongy mass, and it as constantly flows out in continuous streams 
through the larger openings. The annexed diagram, fig. 10, A, Avill 
give the reader an idea of the most usual direction of the streams. The 
entering fluid rushes in at the countless pores distributed over the gene- 
ral siuface of the sponge, but in its progress through tho canals in the 
interior becomes directed into more capacious channels, communicating 
with tho 2)rominent larger orifices, through wiiich it is ultimately ejected 
in equable and ceaseless currents. Organized jJarticlcs, such as ncces- 

* Savigiiy (Jules Ct'sar), Zoologie d’£gjq)lo: gr. fol. Paris, IW)9. 

t Dr. Grant, in tlic Now Edinburgh Philosophical Journal, 1827. 
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sarily uboimcl in tho water of the ocean, are tlms introduced into the 
sponge on all sides, and arc probably employed as nutriment, ■wliilst 
the superfluous or effete matter is eontinually east out with the issuing 
streams as they rush through 
tho fecal orifices. The growth 
of the sponge is thus provided 
for ; tho living gelatinous por- 
tion continually accumulates ’ 
and, as it spreads in every di- 
rection, secretes and deposits, 
in the form peculiar to its spe- 
cies, the fibrous material and 
earthy splcula constituting tho 
skeleton. 

(50.) It is by no mcims easy 
to explain the cause of the per- 
petual flow of water through 
the substance of the sponge in 
currents so powerful and so p 

constant. Ii^ the vaiious spe- |. j ''t 

cies of Grantia, however, ]Mr. 

BoWerbank and Dl. Dobie have A.ucommou Sj,(in(rr: tlu> nrr<wH iiuluuto the di- 
succcedcd in detecting the pro- ration «>f tlu> i ntrant, and issuing ourr< n(9. U, a 
. . ciliated g«*mniul(‘ nuif'nillcd. 

scncc of cilia. Ihese spong(!S 

have a very simple structure, each being a sort of bag, whoso walls are 
so thin that no system of canals is retjuired, the water absorbed by tlie 
outer surface passing directly towards the inner, and being expelled from 
the mouth of the bag. The cilia may he plainly sceli with a Jth incli 
objective on the cells of the gelatinous substance scrapi^d from tho 
interior of the bag, or they maybe observed in situ by making very thin 
sections of the substance of the sponge. 

Mr.Bowerbank*, however, has satisfiictorily proved that some sponges 
possess a power of opening and closing the oscula at pleasure. He found 
that in a specimen of SponrjiUa Jluvlatilis about half an inch in dia- 
meter, which had attached itself to a watch-glass, there was at tho 
summit of a largo oval inflation a single osculura, which opened or 
closed according to the necessities of the animal, and from which, when 
in fuU action, a constant stream of water was poured forth. The inha- 
lation of the water by the porous system presented some remarkable 
peculiarities : when in a state of repose, the dermal membrane apjiearcd 
to bo completely imperforate ; but when about to commence vigorous 
inhalant action, a slight perforation appeared hero and there over its 
surface, tho orifices gradually increased in size until the full diameter 
of the pores was attained, and their margins then became thickened and 
* Quarterly Journal of Microsropk'al Science, vol.vi. p. 7S. 
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rounded. On Ji little indigo being diffused in the water, it was seen to 
bo absorbed with avidity ; and the inhalant action continued for a con- 
siderable peniod, the interior of the sponge becoming strongly coloured 
with indigo. 

After a time the rapid inhalant process ceased, either abruptly or 
gradually, a very languid action only remained, and nearly the whole 
of the pores were closed. When this operation was about to take place, 
the rounded margin of the orifice lost its form and became thin and 
shai^p, while the circumference gradually melted inwards until the ori- 
fice entirely closed, and not a vestige of the organ previously existing 
remained : the operation of closing occupied rather less than a minute. 
When once closed, these orifices do not appear to bo reopened, but fresh 
pores are produced. The colouring matter absorbed during the period 
of active inhalation was apparent in the sponge from twelve to eighteen 
hours ; and during this period the stream fron^ the osculum was ex- 
tremely languid. The structure and habits of the freshwater Sponges 
arc entirely in accordance with those of marine species. 

(51.) From this description of the structiu’c of a sponge, it will be 
apparent that all parts of the mass are similarly organked ; a necessaiy 
consequence will be, that each part is able to cany on, independently 
of the rest, those functions needful for existence. If therefore a sponge 
bo mechanically divided into several incces, every portion becomes a 
distinct animal. ' 

(52.) In Clio7ia celaia, one of the freshwater sponges, M. Dujardin* 
discovered, mixed up amongst the pin-like spicula that constitute their 
skeleton, irregularly shaped globules, composed of a contractile gluti- 
nous substance, which, when examined under tlic microscope, were 
seen continually tp change their shape, presenting a constantly varying 
outline, exactly similar to what is witnessed in the protean aiiiinalcule, 
Am<vha dij)hw)is, above described ; and to this contractile substance, 
whereof the living substance of the sponge seems priiuapally to consist, 
he proposed to give pi’ovisionally the name of JlaUsiu'ca (sponge-flesh t). 
Subsequent observations have show that these protciform bodies are not 
only thus chaiigciible in their shape, but are able to exercise a distinct 
power of locomotion by agitating long flagellilorm filamenfs that arc 
appended to their bodies (fig. H, l) ; in fact, the whole of tlie living 
portion of the sponge seems to be made up of agglomerations of these 
amorphous bodies, spread over the spicula or skeleton of tlie sjDonge, aU 
individually capable of changing their form by emitting iwocesscs in 
dificrent directions, so as to increase their means of contact with the 
surrounding fluid, from which they’ evidently derive materials for 
assimilation. 

(53.) These sponfje-cclls, as they are called by Mr. Carter are about 

* Ann. doB Sc. Nat. torn. x. 1838. t Lit. “ sca-flesh.” 

I On the Freshwater Sponges of Bom hay. Ann. Nat. Hist. 1849. 
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the -ffny jth part of an inch in diameter. If one of them bo seleelcnl for 
observation, it will be found to be eomposed of its proper cell- wall, a 
number of granules fixed to its U])pcr and inner surface, and towards 
its centre generally one or more hyaline vesicles. 


Fig. 11. 



1. Eemarkable forms assuraod by Proteans dc vidoped from the matter of the seed-like bodies of 
Spongilia, magzuiiod. 2. General fonn of large spiculum. S. Spiniferous spiculuni. (.(Vfter Mr. H. 
J. Carter). 

(54.) The panules are round or ovoid, translucent, and of an cmerald- 
or yellow'lsh-green colour, vaiyung in diameter below tho 
part of an inch, which is tho average linear measurement of tlio largest. 
In some cells they are so minute and colourless as to appear only under 
tho form of a nebular mass, w’hilc in others they arc of the largest kind, 
and few in number. 

(55.) The hyaline vesicles, on tho other hand, arc transparent, colour- 
less, and globular, and, although variable in point of size like the green 
granules, are seldom recognized before they much ex ceed the latter in 
diameter. They generally possess the remarkable property of slowly 
dilating; and suddenly contractings themselves, and ])res(‘nt, in their 
interior, molecules of extreme minutene.ss in rapid commotion. 

(50.) The sponge-cell when in situ is constantly changing its fonn, 
both partially and wholly ; its granules also are ever varying their posi- 
tion, in unison with, or independently of, the movements of tho cell ; and 
its pellucid vesicle or vesicles may be seen dilating or contracting them- 
selves, or remaining passively distended, exhibiting in tlicir interior tho 
molecules above mentioned in rapid commotion. When first separated 
from the common mass, an isolated cell for a short time assumes a glo- 
bular form, and afterwards, in addition to its becoming poljTuorphic, 
evinces a power of locomotion ; it emits expansions of its cell-wall in 
the form of obtuse or globular projections or digital and tentacular 
prolongations. If in progression it meets with another cell, both com- 
bine ; and if more arc in the immediate neiglibourhood, they all unite 
together into one globular mass. Should a spiculum cliance to be placed 
in the path of a cell thus in motion, it will ascend it and tniverse it 
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from end to end, subscfiucntly (putting it ; or else, assuming its globular 
form, it will (nnbraco some part of the spiculum and remain stationarily 
attached to it. The changes in shape and position of the sponge-cell 
arc for the most part effected so imperceptibly that they may ])C likened 
to those whicli take place in a cloud. Its granules, however, are more 
active ; but tlioro appears to bo no motion in any part of the coll (ex- 
cepting among the molecules within the hyaline vesicle) which in any 
way appi-oaehes to that charactcnstic of the presence of cilia. 

(57.) The intercellular substance that forms the bond of union be- 
tween the sponge-cells is of a mucilaginous appearance. When observed 
in the delicate pellicle which, with its imbedded cells, it forms over 
the surface and throughout the canals of the sponge, it is transparent ; 
but when a portion of this pellicle is cut off from its attachments, it 
collapses and becomes semi-opako. In this state the detached portion 
immediately evinces a tendency to assume a spheroidal form; but whether 
the intercellular substance participates in this act or remains passive 
while the contraction is whoUy performed by the habit of the cells im- 
bedded in it to approximate themselves, is not evident. 






fisa? 




(58.) The freshwater sponges are 22 

reproduced from seed-like bodies found 
in the substance of the oldest or first- 
formed portions of the sponge, never in 
its perijdicry. They arc round or ovoid 
according to the species, and each pro- Iv _ / ^ 
sents a single infundibular di'pression )' W 

on its surface ^^hich communicates 

with the interuff. At the earliest pe- ^ ^ 

riod of dcvc^^Jl{)mcl^t at which it is re- 

cogllizabhyftt is composed of a number Magnitted s.-ttion of a BOfd-like botly ol 
of cells ^ed togetlier by an intorcel- ~ uS;! 

JuJar suhstance similar to that de- wHs; », infundihul.-ir opening, f, portion 
1 T • i i. of coriaceous iiieinbrnnc, iiiagni/fed, to 

SClib^iQ. abo\C. In this state, appa- Kho\v the li«-x.'igonal divisions traus- 

reuxly without any capsule, and about parent c^ntn-s; J, small Bpieulum, mag- 

/ . /> ., Vp n 1 1 nilled; c, one of its toothed disks with 

jittllt the size ot the luily developed renlral nperlnre, magnitl.d. (After Mr. 

Bced-likc body, it seems to lie free in a 

cavity formed by a condensation of the common structure of the sponge 
immediately surrounding it. The cells of which it is now composed ap- 
pear to differ from those of the fuUy-dovelopcd s])onge-cell only in hoing 
smaller, in the colourless state of thoir contained granules, and in the 
dhsenco of hyaline vesicles. The sccd-likc body gradually passes from 
the state just mentioned into a more circumscribed form, then becomes 
surrounded by a soft, white, compressible capsule, which finally thickens, 
turns yellow, and devclopcs upon its exterior a firm emst of silicious 
spicula, presenting in some species a hexugoually tessellated ai)pc{iranco 
;fig. 12, c). The spicula are aiTonged pcqiondiciilarly to the surface of 


Magnilled section of a sccd-like hotly of 
Spoiiijilhi Mei/mi, showing, Hpicnhir 
crust; (/, coriacrous capsule; A, iiiternal 
cells; », infundihul.'ir opi'ning. c, portion 
of corinct'ous iiiciiihrnnt^ iiiagni/fcd, to 
show th(‘ hcxsigoiial divisions with trans- 
parent etmtres ; J, small B|>iculum, mag- 
nillcd; c, one of its toothed disks with 
renlral aperture, magnitlt'd. (After Mr. 
H. J. Carter.) 
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the capsule, and the interval between thorn is Hllod up with a white, sili- 
eious, amoi'plious matter which keeps them in position. Each spiciiluni 
extends a little beyond this matter, and su])ports on its free taid a 
toothed disk, similar to a corresponding one on its fixed end, wliich rests 
on the capsule, so that the external surface of the secd-like body is 
studded with little stellate plates (fig. 12, e). In other species, wlicro 

there appears to be no such regular arrangement of these spicula, a 
number of smooth spiniferous points is presented. 

(59.) If a seed-like body which has arrived at maturity be placed in 
water, a white substance will after a few days be observed to have 
issued from its interior, through the infundibular depression on its sur- 
face (fig. 12, i), and to have glued it to the glass : if this bo examined 
with th« microscope, its circumference will be found to consist of a 
semitransparent material, the edge of which is notched or extended 
into digital or tentacular prolongations, precisely similar to those of the 
protean ceU, which in progression or in polymorphism throws out parts 
of its substance in the same way. In the semitransparent substance 
may bo observed hyaline vesicles of difibrent sizes, contracting and 
dilating, as well as green granules, so grouped together as almost to 
enable the practised eye to distinguish in sit a the passing forms of the 
cells to which they belong. Subsc(iuently to the development of this 
fleshy substance comes that of the homy skeleton and its sjiicula 
{fig. 11, 2), which are at first membranous, and at an early j)eriod of 
their development pliable; they aftens'ards become firm and brittle. 
They are hollow, and the form of their cavity coiTC'sponds with their 
own shape ; sometimes, moreover, they contain a green matter like the 
cndochrome of the cells of Confervoc*. 

(60.) In the genus TetJuja, Mr. Huxley has descijbed a true sexual 
generation to exist, — a portion of the spong}^ mass bi'ing found to consist 
of a granular sub.stance in which ova and stellate ciystalline bodies aro 
imbedded. “ Tlie ova arc of various sizes ; they have a very distinct 
vitellary membrane, which contains an opakc, (;oarsely granular yelk. 
A clear circular space, about -nr^j^th of an inch in diameter, marking 
the position of the germinal vesicle, is seen in cadi ovum, and within 
this a vesicular germinal spot -Jy ^^th of an inch in diameten- is some- 
times visible. The stellate bodies are about 

meter. The granular uniting substance is composed entirely of small 
circular cells about th of an inch in diameter, and of spermatozoa in 
every stage of development from those cells. The cell throws out a long 
filament which becomes the tail of the spermatozoon, and, becoming 

* Besides the secd-liltc bodies above described, other reproductive bodies are met 
with in Spongilla ; — 1. some which, from tlieir re^sembhineo to the motile spores or 
zoospores of many plants, have also been termed swarming-spores {SchvHmn- 
f^pf/ren)) and 2. otliers wliich, from their resemblance to the spermatic filamcntH 
elsewhere met with, are denominated zoospcrnis. 
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longer and more pointed, itself forms the head. It is remarkable that 
the ova arc in no way separated from the spermatozoa, but lie imbedded 
in the spermatic mass like eggs packed in sand*.” 

(Gl .) The multiplication of marine sponges, however, is effected in 


* Tlio Spermatozoa, until recently considered as animalcules, generally present 
themselves under the form of long slender filaments or corpuscles, the shape of which 
varies to a remarkable extent, and nevertheless is so constant in individuals belonging 


to the same species that it is frequently 
possible to identify by their form the 
particular creature to which each mo- 
dification is peculiar. Generally speak- 
ing, among the higher animals the 
Spermatozoa are found to consist of 
an extremely attenuated linear body, 
either filiform throughout or swollen 
and enlarged at one end, so as to pre- 
sent something like the appearance of a 
microscopic tadpole (fig. 13, 1). Tlicy 
are exceedingly minute, seldom exceed- 
ing a lino in length, but much more 
generally of far smaller dinien.sions, so 
that the highest powers of tlio micro- 
scojx? are requisite for their examina- 
tion. These microscopic atoms may 
bo regarded not merely as abounding 
in the seminal secretion of all animals, 
but in facit as conslituting that im- 
portant agent, — the presence of a fluid 
or liquor seminia appearing, when re- 
garded in a physiological point of view, 
merely tlie vehicle in which the active 
Spermatozoa arc susjKvided. 

Lentil very recently thes('- minute 
bodies were regarded as individual 
animated creatures; and many authors 
have fancied that several forms of 
lliem at least ])resented a somewhat 
complieaU'd organization, sucli as an 


Fig. 13. 



This figure tepresents the several stugi'S of evo- 
lution of the Spermatozoa in the comm .m creeper 
(Cerihia famHiurifi), magnified shout :i thousand 
diameters. an adult Spermatozoon, taken from 
the orifice of the vas deferens; e, seminal 
granules, which are probably nothing more than 
altered ejdtheliul cells; tl, e,/, cysts or vesicles en- 
closing one or more round granular globules ; g, a 
similar cyst containing, b»‘Hidesthe two globules, a 
finely -granular muss, in which the Spermatozoa 
maybe seen to form; A, the cyst, still containing 
ttnely-granulor matter, has assuineil an oval form, 
niid the bundle of s[teniiatie animalcules, ijiereased 
in size, lies bent up within it; i, a cyst still more 
develo}*ed ; the invohierum, pear-shaiteii, covers the 
bundle of animabailes when' theur spiral extremities 
lie; ky a cyst arrived at maturity, still covered by 
the invohierum. (Aft<‘r Wagner.) 


into.st hie, gastric saceuli, and even gene- 
rative organsb More recent researches have, however, satisfactorily proved that 


they are in nil eases composed of a uniform homogeneous substance of a yellowish 
colour, in which no traces of eonijilexit^i of struct lu'c are discernible. Their move- 
ments, however, are in most cases exceedingly vivacious ; and were it not for the 
now well-ascertiiinetl fact that many other constituent eloinonfary tissues, both 
animal and vegetable, exhibit equal activity even long after their separation from 
the organisms to which they belong, wo might still be tcnqited to assign to them 
a much higher position in the scale of vitality than that to which they are really 
ontitled. The motions of the S])ormato7.oids are, lioivovcr, evidently only com- 
parable to the automatic movements of cilia, and the relationship which they bear 


1 Vi fie Lcuwcnhoeck, vol. iv. jip. 2(18, 28 1 ; Ehrcnberg, Infusionsthierchoii, p. 465 : 
Valentin, Nov. Act. Acad. Leopold, vol. xix. p. 239. 
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another manner, which is the ordinary mode of their reproduction, niid 
forms a very interesting portion of their history*. At certain seasons 
of the year, if a living sponge bo cut to pieces, the channels in its 
interior are found to have their walls studded with yellowish gelatinous 
granules, developed in the parenchymatous tissue ; these granules are 
the germs or gommules from which a future race will spring ; they seem 
to bo formed indifferently in all parts of the mass, sprouting, as it were, 
from the albuminous crust that coats the skeleton, mthout the appear- 
ance of any organs specially appropriated to their development. As 
they increase in size, they are found to project more and more into the 
canals ramifying through the sponge, and to be pronded with an appa- 
ratus of locomotion of a description such as we sliall frequently have 
occasion to mention. The gcmmule assumes an ovoid form (fig. 10, Ti), 
and a large portion of its surface becomes covered with innumera])hi 
vibrating hairs, or cilia, as they are denominated ; these arc of incon- 
ceivable minutcne.ss, yet indindiially capable of exercising rapid move- 
ments, wliercby they produce currents in the surrounding Iluid. As 
soon therefore as a gemmulc is .sufficiently mature, it becomes detached 
from the nidus where it was formed, and being wliii led {dong by tlie 
issuing streyns, is expelled through the fecal orifices of tin? parent, and 
escapes into the water around. Inste{id, liowever, of falling to the 
bottom, as so apparently helple.ss a particle of jelly might 1h* expeidtd 
to do, the ceaseless vibrjition of the cilia upon its .surface propels it 
rapidly along, until, being removed to a considerable distjince from its 

lo ciliated opit helium-cells is rendered abundantlj manifest by tlu? revelation.s of 
the microscope to modem observers^ From these ri'seiirehes it would apjieur 
that the origin of the Spermatozoa is invariably to be traced to nuelealed cells, in 
the interior of wliich they are individually developed. Tlie^ developing-eells, or 
vesicles, as they are termed, are found at certain seasons crowding the seminiferous 
tubes of the testes in immense numbers. Taken from the body after death they arc 
seen to be perfectly transparent and filled with u fluid wliidi on coagulating Wumes 
somewhat granular. Most of these dcvdoinvfj-vclh (fig. 13, a, h, c) are fouml freely 
floating in tlie minute seminal canals, but frequently tlicy are enclosed in another 
cell-like envelope, cither singly (d) or in numbers of three, four, six, or seven in 
each; the existence, however, of a more considerable number (r, /) in one common 
cyst is unusual. Whether single or more numerous, however, it is in the tleveloping- 
cells that the Spermatozoa are formed by a kind of endogenous growth, at first 
appearing like dim shadows i)ing amongst the contained granules, but gradually 
assuming a sharper outline as the body and, substiquently, the tail tyn; perfected. 
The entire Spermatozoon at length becomes visible coiled up in the interior of the 
cell, which, when the development is completed, bursts and discharges its contents. 

* Professor Grant. 

' Vide Von Siebold, in Muller’s Arcliiv, 1830 and 1837 : R. Wagner, Frugmente 
zur Physiologie der Zeugung ; Bcitriige zur Ooscliichte der Zeugung und Entwicke- 
lung, in den Abhandlung. der Kbnigl. Bayeriscli. Akad., Munich, 1837: Kolliker, 
Beitragc zur Kenntniss der Gcsehleetsvcrhaltnisse und Suinenfliissigkeit wirbolloscn 
Tliiere, Berlin, 1841 ; DioBildung der Samenfadon in Bliischen, Nuremberg, 1840. 
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original, it attaches itself to a proper object, and, losing the now useless 
locomotive cilia, it becomes fixed and motionless, and devolopes within 
its substance the skeleton peculiar to its species, exhibiting by degrees 
the form of the individual from which it sprung. It is curious to 
observe the remarkable exception which sponges exhibit to the usual 
phenomena witnessed in the reproduction of animals, the object of 
which is evi^nt, as the result is admirable. The parent sponge, de- 
prived of all power of movement, would obviously be incapable of 
dispersing to a distance the numerous progeny that it furnishes ; they 
must inevitably have accumulated in the immediate vicinity of their 
l)laco of birth, without the possibility of their distribution to other lo- 
calities. The seeds of vegetables, sometimes winged and plumed for 
the purpose, arc blown about by the winds, or transported by*various 
agencies to distant places ; but in the present instance, the still waters 
in which sponges grow would not have served to» transport their pro- 
geny elsewhere, and germs so soft and delicate could hardly be removed 
by other creatures. Instead therefore of being helpless at their biiih, 
the young sponges can, by means of their cilia, row themselves about 
at pleasure, and enjoy for a period powers of locomotion denied to their 
adult stfito. ^ 

(()2.) Very wid(;ly distributed through the ocean, whether in tropical 
or extra-tropical climates, peculiar gelatinous bodies may be found float- 
ing upon the surface of the water ; indeed they arc occasionally among 
the most constant of all the various products of the towing-nct. The 
TuALAssicoLLA*(forso thosc simple organisms ai*c designated by Professor 
Huxley t) is found in transparent, colourless, gelatinous masses of very 
various fom — elliptically elongated, hourglass-shaped, contracted in 
several places, or spherical, varying in size from an inch in length dovTi- 
wards, — showing no evidence of contractility nor any power of locomo- 
tion, but floating passively on the surface of the water. Of such bodies 
there appear to be two very distinct kinds. In one, the mass consists of 
a thick gelatinous crust containing a large carfty. The crust is strucj- 
turclcss; but towards its inner surfiice minute sjflierical, sxflicfoidal, or 
oval bodies arc imbedded (fig. 14, 2), each of which appears to be a cell 
with a thin but dense membrane, and containing a clear fatty-looking 
nucleus surrounded by granules, — the whole substance, in fact, resembling 
an animal Palmclla. Very commonly the central part of each mass, 
instead of containing a single largo cavity, consists of an aggregation of 
clear, closely appressod spaces resembling vacuoles (fig. 1 4, 3) ; and fre- 
quently each cell is surrounded by a zone of peculiar crystals, somewhat^ 
like the stellate spicula of a sponge, consisting of short cylinders, from 
each end of which throe or four conical spines radiate, each of thc'se 
again bearing small lateral processes (fig. 14, 4 it 6). Irequcntly the 

* OaXaaaa, the sea ; icoXXa, glue. 

t Fide Ann. and Mag. of Nat. Hist, scr. 2. vol. viii. p. 43.3. 
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conneotinf^ substance in which (ho cells arc imbedded appears to be 
quite structureless ; but in some specimens didicate, brancliinp;, minutely 
granular fibrils may be seen radiating from each cell into the coniu'cting 
substance (fig. 14 , 4). 

Fig. 14. 
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Struc-tiiro nf Thahimrolht (aft r rriifi<m)r lliiv'lt y). 


In the second form of T/KtJassIcollo, the creatnro consists of a sphe- 
rical mass of jelly, as large as the middle-sized spc'climms of the last 
variety, with an irregular blackish central mass. Fnveloj)ing this, and 
forming a zone about half the diameter of the sphere, arc seen nurae- 
roas clear spaces (vacuoles), and among these arc scattered numerous 
yellow cells and a midtitude of very dark granules. Delicate, flattened, 
i)ranehing fibrils radiate from the innermost layer, passing between the 
vacuoles ; and in one specimen Professor Huxley observed these fibrils 
thickly beset with minute dark molecules which were in active motion, 
as if circulating along the fibrils, but without any definite direction. 



INFUSORIA. 




CHAPTER III. 

TNFrSOETA* 


Tk a\'o oxainin(3 a drop of wutor taken from any pond or ditcli 
ill wliiidi ve^vtaiilo or animal substances have been permitted to undergo 
iuciiiieut decay, ’svith a microscope even of very limited power, we must 
soon perceive that it swarms with innumerable organisms, which ai’C 
evidently endowed with life and exhibit considerable activity. 1^’om the 
circumstiin(*e of their extrcmie minuteness, these microscopic beings were 
designalc'd by tluar first discoverers AnimalculS^y^ to which appella- 
tion, from tli(' fa(tt of their generally making their appearance in vege- 
table infusions, the tc'rm Inf aaoriaV^ was very generally superadded 
by their earlier investigators. Progressive improvements in the struc- 
ture of th(‘ microsco])o, however, soon made it apparent that the so- 
calb'd Infusorial or "Microscnjnc Animalcules embraced a^nst variety 
of (liffen'iit forms of living beings possessed of little in common except 
tlu'ir invisibility to ordinary observation : tin? larvae and even the adult 
states of innumerable Insects, Crustaceans, Worms, and Zoophytes were 
all comprch('nded under a term so general ; and even microscopic Algm, 
Desmidiea?, and lliatomaeeao, now universally acknowledged to be meni- 
b(‘rs of the vegetable domain of Nature, were included in this chaotic 
assemblage — organisms widely clLssimilar from each other both in their 
shap(3 and structiiit). 

It would bo foreign to our present purpose to analyse the succes- 
sive st('])s wlu'reby something like order has at length beem established 
in a scene of .such ajijiannitly inextricable confusion, and bow part 
passu with the improveuK'iit of the micros(*o]ie has been tlie rajiid 
advancement of knowledge in eoniu'xion with tliese until so late a 
period unknown existences ; suffice it to say that, in accordance witli 

* Fi’cEc Muller, 1786 ; Ehivnlx'rg, Infusioiistliieivlioii, IS.'u : Diijardin. Hist. Nnt. 
des Zoophytes : Pineau, Ann. Sc. Nat. loincs iii. v. ix. : Slcin, icgni. Arcliiv, 
1849; id.Sieb. and Kol. Z. iii.; id. Die Infusioiuslliicrclicn. Loii^zig, Peltier, 

rinstitut, la^lO: Foeko. Isis, and Pbysiolog. Studien : Kulorga, Nafurgeseh. 

d. Infusions! hiorelien : Meven, Muller's Arebiv, I8dl): Pritchard. Tnfus, Aniin. : 
R..T(.nes.Ann.Nat.irist. IS.*?!): Weriuvk. Ber. d. Perl. Akad. !S4 1 : Erd I, Midi. Arebiv, 
1841 : Gridlth, Ann. Nat. Hist-. 184;l, xii. : Sielxdd, Lehrbuch Vcrgl. Anal.: Cohn, 
Sich. and K.ll. Z. iii. Kulliker. Sieb. and Tv. 4. Z. i. 198; Cla])aredc, Wiegm. 
Areli. Dec. 1.8.")4, Iranslated in Ann. Nat. Hist. 2 scr. xv. 211: 8clnieider, ibid. p. 191, 
translated ibid. xiv. )>. .422: (/arter, Nole.s on the Infusoria, of Bombay, Ann. Nat. 
Hist, for 18b6 and 18.^)7; A memoir by Dr. N. laeberkuliii in Muller’s Arebiv for 
18r»(>, translnb'd in Ann. Nat. Hist, for Get. I8.)(;. 



INFUSORIA. 


the more refined characteristics now adopted in zoological classifi- 
cation, Crustaceans and Insects, as well as the larvec of Annolidans, 
Zoophytes, and Echinoderms, have been successively withdrawn from 
the group and located in their appropriate stations, while innumerable 
zoospores and embryonic plants, together with the Desmidiaceoc and 
the Diatomacooa generally, are by common consent conceded to the 
botanical scries of Creation*. Still, as it would appear, the zoologist is 
reluctant to dissever forms of life which habit has accustomed the micro- 
scopical observer to associate with each other ; and even M, Dujardin, one 
of the latest and most unprejudiced writers upon the history of these 

* It is by no means an easy task to indicate the boundary -lino wliich separnkis 
the animal from tho TCgetablo kingdom. The most important differenee, that tlie 
Tegetablo cell-membrane contains no azote, wliilo tlio animal cell-mcmbrano does, 
cannot be applied in doubtful cases, the tenuity of the membrane not allowing of the 
investigation. That auiaials jwsscss tho power of locomotion, but plante not, is 
incorrect as applied generally, and is still less applicable here, because many uni- 
cellular Algm exhibit motion, frequently very energetic motion (wlien swarming), 
whilst tlie ova of multieelhilar Algai are quiescent. Tl»e unicellular Alga’ dilfer 
from the Infusoria in tliis, that their membnano and its appendages are not motile, 
and that consequently they have a rigid form, whilst tlie latter in some instauees 
change tlieir figure, and in others arc furnished nith motile cilia. The presemv of 
starch is, furtner, not invariably decisive as to tlie Vi’gotable nature of a cell. The 
ova of multicellular animals, the figure of which is rigid and unclmng«*ab]c, may also 
be recognized as not belonging to the unicellular Algie from their want of colour- 
ing matter, which is present in the latter. 

We can scarcely expect Chemistry to decide what is animal and what plant. Tho 
non-nitrogenous cellulose, which at first siglit appears to 1)0 an ('xcUisive attribute of 
the vegetable, is also found pretty generally in the animal kingdom, as wo Icam 
from tlie researches of O. Schmidt on Cynthia mammillaris, and tlioso of Kdllikcr 
and Ldwig on a great number of the most various of tlie lower animals. Just ns 
little does chlorophyll appear to be exclusively characteristic of the vegetable world, 
since tho green granules and vesicles which occur imbedded in the parencbjuia of 
Hydra viridis, of various Turhellarm {Hyposfomumviridcim(\. TryjdKyplana viridafn, 
Schra.), and of Infusoria {Stentor poly?norj)hu,% liursaria vernal Lf^rodes hursaria, 
&c.), are probably closely allied to chlorophyll, if not identical with it. Erythro- 
phyll also might bo said to occur in the lower animals (for instance in Lcurophrya 
sanguinea and Astasia has^ruifod^s), in which latter tho red colour frequently passes 
into green, as does tho erythrophyll of unicellular Algcc'. 


^ The colouring matter of plants is distinguished by botanists into Chlorophyll^ 
Erythrophyll^ Vhycochrom, and Biatomin. Tlie Chhrophyll is of a grass- or yellow- 
green colour, little or not at all affected by diluted acids and alkalies, and frequently 
turns brown upon tho death of tho plant. The Erythrophyll presents a red or pur- 
ple colour, not changed by diluted acids, but becoming green on the addition of alka- 
lies, and also most usually after death. The Vhycochrom is verdigris-green or orange, 
changed into orange by the action of diluted acid, and into a brown-yellow by iliat 
of alkalies. Tho Biatomin is brownish yellow, not altered by diluted alkalies, but 
clianged into verdigris-green by diluted hydrocldoric acid, and usually after death. 
Vide Niigeli, Gattungen einzolligcr Algon, physiologisch und systematisch bearbeitet : 
Zurich, 1849. 
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living atoms, includes under the term Infusoria, animalcules essentially 
remote both in their general characters and intimate organization. 

(64.) The Infusoria, as characterized by M. Dujardin, are creatures 
which, when examined under the microscope, appear to be composed of 
a homogeneous, glutinous, diaphanous substance, are either naked 


Fig. 15. 



ICupIofeA Charon (Khr.). 1. Animalcule seen from below, exhihitinp; the loeomotive apijaratus 
composed of unrini, sti/lu and srtts: p. the anal apertiure. 2. Dorsal aspect of the same, covered 
witli a d»*lieate. shell. A similar view showing the ciliary currents, the ]) 08 ition of the mouth o', 
the nucletis i, and the contraetile vesicle «. 4. Side view representing the animalcule creeping 
upon th(> surface of a •fragment. 5. Two animalcules coryoined by their mouths; in one, tlie 
ventral, in the other the dorsal aspect is ujtjuTinost. <5. A 8i)ecinjen exhibiting the j)roee88 of 
reproduction by transverse llssure. 7. D«‘struction of the animalenh* by diflluence of the soft 
parts. 

or p<arti{illy enveloped in a more or less resisting integument. Their 
usual sliapo is rounded or ovoid. Some (and these arc the forms 
most commonly met with, which at once arrest the eye of tlic micro- 
grapher) are provided with vibratilc cilia, which, either used occasion- 
ally or continually in motion, serve the purpose of innumerable oars 
for the movements of the animalcule, or in some cases merely act as 
agents in supplying provisions to tlie little creature’s mouth ; others 
instead of vibmtilc cilia are fumi.shcd with only one or two or some- 
times several extremely slender filaments, which they agitate with an 
iindulatory movement, and are thus enabled to advance through the 
fluid wherein they swim ; whilst othci’s, provided with neither cilia nor 
flagclliform filaments, move iiboiit by simple contractions and extensions 
of the general substance of their bodies. 

(05.) The fomis last mentioned, as the reader will at once perceive, 
naturally arrange themselves among the Ruizopoda, described in the 

D 
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List chapter . Those provided wdth flagclliform filaments which they 
employ as instniments of locomotion, such as tlio Monairnia^ Cr/i/ito- 
momdina, Pandorinay ChlamidomonaSf and To/cc.r of Ehrenhcrfi,, arc 
now unhesitatingly {idmittcd to belong: to the vc'gi'tahlc kingdom ; so 
that the ciliated forms alone arc left to the zoologist, and offer lliem- 
sclves for our study upon the jiresent occasion. 

(GO.) The movements of the ciliated Ineusoiita, when.secn under 
the microscope, are frequently exceedingly vivacious ; they swim about 
with great activity, avoiding each other as tluy pass in their rapid dan('(\ 
and evidently directing their motions with wonderfiil precision and 
accuracy. Our first inquiry therefore must be concerning the organs of 
locomotion which they possess. These are of various kinds, and are 
arrangcd*diffcrcntly in diflerent species. Some are provided with st/fll, 
or articulated, stiff, bristle-like organs, Avhich are moveable, and perform 
in some measure the Office of feet, and with iincini^ or little hooks, 
serving for attachment to foreign bodies ; these are seen in Fiiploks 
Charon (fig. 15, 4). 

(G7.) But the most important locomotive agents are the cilia*, with 
which these Infusoria aro invariably furnished. On attentive examina- 
tion, their bo^’ will be found to be entirely covered with minute vibrating 
hairs, or at least furnished with such appendages on some part of its 
surface (fig. 15, 1, 2, 3). The existence of these cilia is readily detected 
by a practised eye, even when using glasses of no very great magnify- 
ing power, by the peculiar tremulous movement which they excite in 
the surrounding fluid, somewhat resembling the oscillations of the 
atmosphere in the neighbourhood of a heated surface ; but on appl}ing 
liigher magnifiers, especially if the animalcule is in a languid state, the 
motion is seen to be produced by the action of the dcMcate filaments of 
which we aro speaking. Although extremely difficult accurately to 
define the motion of the individual cilia, it is obrious that the combina- 
tion of their movements gives rise to currents in the water, sciwing a 
variety of purposes in the economy of these minute beings. 

(G8.) The cilia, as has been already observed, arc sometimes dis- 
persed over the whole body, cither arranged in parallel rows or scat- 
tered irregularly; they are, hoAVcver, most frequently onlyinet with in 
the neighbourhood of the mouth, in wliich position they arc always 
most evident : here they produce, by their vibration, currents in the 
surrounding fluid, which converge to the oral aperture, and bring to the 
mouth smaller animalcules, or particles of vegetable matter, wdiich may 
he floating in the neighbourhood, thus ensuring an abundant siipjily of 
food, which, without such a.ssistance, it would be almost impossible for 
these little creatures to obtain. 

(69.) With the locomotive organs of these minute beings must bke- 
wise be classed the dehcatc and highly irritable stems of tlic Vorticelhr 
* Cfliwn, an eyelash. 
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(fi". 21), wliicli on the Hli^htest touch shrink into spiral folds, and 
aj^ain straighten thornsolves to their full extent. The agent by which 
this (•onti'a(;tion is efle<;tod is a delicate spiral tlu'cad c(mtairied in tlu; 
interior of the llexible stem, regarded by rihremberg as a muscular 
illameut ; its inuseiilar nature is, hown3VXT, doubted by Dujardin, u'ho 
r(‘gards this as being one of the most inscriitablo points connected with 
tlieir economy. That a central canal exists in the retractile stem is 
generally admitted, and likewise that it contains a fleshy substance less 
trans])ar(mt than tlie rest of the tube ; but, according to M. Diijardin’s 
observations, it is the diaphanoiLs substance around this central cord 
that contracts, and as it forms a band one border of which is much 
thicker than the other, the more powerful action of the*thicker portion 
gives tliat heli(3al cun'ature to the stem which forms so rcnfarkable a 
feature in its movements. , 

(70). When certain species of Infusoria (o.g.i^arsflrm leucas:) are ex- 
amined undiu’ a sufficiently high power, minute fusiform corpuscles may 
be detected thickly imbedded in the integument. These bodies are per- 
fo(dIy colourless and transparent ; they are about 
long, and may easily, even without any manipulation, be witnessed at 
the margin, where they arc seen to bo arranged perpe^icular to the 
outline of the animalcule, while on the surface turned tewards the 
observer their extreme transparency and want of colour render them 
invisible against the opake background, and it becomes necessary to 
crush the animalcule beneath the covering-glass, so as to press out the 
green globules wdiich it contains, in order to bring tho fusiform bodies 
into view. To these bodies it has been proposed to give the name of 
trichoi'ifsls. 

As long as the? animalcule continues free from annoyance, the tricho- 
cysts undergo no change ; but when subjected to external imtation, as 
occurs during the drying away of the surrounding water, or the appli- 
cation of acetic acid or other chemical irritant, or the too forcible action 
of the compres.sor, they become suddenly transformcfl into long fila- 
ments, which are projected from all parts of tlie surface of the animal- 
cule ; these filaments have been mistaken for cilia by Cohn and 8tein. 
Tho rapidity with wliich their evolution is offeeted, joined with the 
great minuteness and transparepey of the object, renders it extremely 
difficult to follow it. 

(71 .) It is not difficult, by rapidly crushing tho animalcule, to force 
out some of tliese organs in an unchanged state. If the eye bo now’^ 
fixed on one of tho isolated trichocysts, it wdll most probably be seen, 
after the lapse of a few seconds, to btH'ome all at once changed (mth 
a peculiar jerk, as if by a sudden release from some prenous state of 
tension) into a little spherical body. In this condition it will probably 
remain for tw'o or three seconds longer, and then a spiral filament will 
become raindly evolved from the sphere, ai)])arently by the rupture of a 
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membrane that had previous!)’ confined it, the filament imrollinp: itself 
80 quickly that the eye can scarcely follow it, until it ultimately liivs 
straight and rigid on the field of the microscopic looking like a very lino 
and long acicular crystal. 

(72.) This remarkable filament, when completely evolved, consists 
of two portions — a rigid spiiailiim-like portion, acutely pointed at one 
end, and continuous at the opjiosite end with the second portion, which 
is m the form of an exccssividy fine filiform appendage, h'ss than 
half the length of the spiculum. This second portion is generally sinm 
to be bent at an angle on the fii’st, and is freipuaitly more or less curved 
at the free end. The form of the evolved trichocysts is best obsei’ved 
in such as have floated away towards the margin of thi' drop of water 
and are fhere left diy by the evaporated fluid. In many of them the 
filifom appendage is pot visible, and they then merely present the 
appearance of a simple, Mong, fusiform spiculum. 

(73.) Few subjects have afforded a more fertile field for discussion 
than the internal organization of these almost invisible creatures ; and 
even at the present moment many points of their economy arc by no 
means satisfactorily elucidated. The remoteness of their structure from 
that of the higher animals, and a natural mistrust felt by recent ob- 
servers in the capabilities of the instruments placed at their disposal, 
gave rise at first to doubts and hesitation, which no longer exist. 

The digestive apparatus of the Infusoria was originally described 
by Ehrenberg as consisting of a number of internal sacculi, varying 
from four to two hundred in number in different species. Those 
sacs were stated by that indefatigable microscopist to be readily distin- 
guishable without any preparation, but capable of being rendered 
more conspicuous by feeding the animalcules with pure carmine or 
indigo, the coloured particles of which substances they eagerly swallow. 
In one large division, called Anentkra, the sacculi or stomachs were said 
to arise by separate tubular pedicles from the mouth itself (fig. 10, 1); 
whilst in others (Exterodela) there was supposed to bo a complete 
intestinal canal, terminated by a mouth and anus, to which the sacculi 
or stomachs, as they were called, arc appended : sometimes the intestinal 
canal is stated by the same authority to form a circle in the body 
^VXOPISTHIA, Ehrenb.), as in the VorticelU (fig. 10, 2) ; or else the mouth 
and anus are placed at opposite extremities of the body, through which 
the intestinal tube passes cither in a straight course, or exhibiting 
several flexuous curves in its passage (Enantiotreta and Allotreta, 
JEhren.) (fig. 10, 3 and 4). When neither the mouth nor anus is ter- 
minal, such animalcules belong to the group denominated Katotueta 
by the same author. 

(74.) However imposing, from their completeness, the views of 
Ehrenberg concerning the digestive system of the polygustria may bo, 
and sanctioned as they have been by almost general consent, we cannot 
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jiass over a siil»jcct of so much importance without expressing ourselves 
as lining fur from admitting tlu'ir accuracy, and we must say that our 
own oliservations uiioii the structure of tlio polygastria have led us to 


very ditterent conclusions*. 
Eig. !(}. 



(75.) The positions of the mouth 
and anal apei’ture wo arc well 
a.ssurcd, by frequent examination, 
to bo such as are indicated by the 
illustrious Professor of Perlin ; but 
with regard to the tube named by 
him intestine t, and the stomachs 
ajipended theretf), our most patient 
and long-continued effflrts have 
failed to detect the arrangement 
depicted in »bis drawings. In the 
first place, as regards the function 
of the sacculi, which he looks upon 
as the organs in which digestion is 
accomplished : in carnivorous ani- 
malcules, which devour other spe- 
cies, wo might expect, were these 
the stomachs, that the prey would 
at once bo conveyed into one or 
other of these cavities ; yet, setting 
aside the difficulty which must 


manifestly occur in lodging large animalcules in these microscopic sacs. 


and having recourse to the result of actual experience, we have never 


in a single instance seen an animalcule, when swallowed, placed in 


such a position, but have repeatedly traced the prey into what seemed 
a cavity excavated in the general parenchyma of the body. 

(7G.) In the second place, the sacculi have no appearance of being 


* Perhaps sonic of our readers may think the above strictures upon the opinions 
of Professor Elirenberg, wliich appeared in the first erlition of tliis work, and have 
been v^Tilten upwards of twenty years, liave now become rather antiquated. It is, 
however, the wish of the author to combine some account of the progressive .idvance- 
ment of our knowledge relative to interesting or disjiuted points of microscojiicjil 
research with an expo.sition of the vibws generally adopted by physiologists of tlie 
present day; and as the above were the first arguments advauee<i against the then 
universally recei\ ed opinions of tlio distinguished author of tlio ‘ Infusioiislliicrchon,’ 
it lias been deemed expedient to retain tliem in their original words. It may bo 
proper to state tliat the mierosct)pc used in these and similar researches to which 
allusion will bo made, is a compoiuul aehroraatic, made by Ross, of London ; and 
tho powers employed, of •^, and i of an inch focus. 

f Since tho above was written. Professor Ehrenlx*rg lias Ix^en kind enough per- 
sonally to exhibit to tho author liis preparations of tlie central tube in several species 
of animalcules. Tlio author’s views, however, relative k) the nature of tho so-called 
stomaclis remain unchanged. 
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pedunculated and consequently in a certain degree fixed in definite 
positions : we have just been for two hours carefully examining some 
beautiful specimens of Paramecium Aurelia (fig. 1 6, 4), an animalcule 
which, from its size, is peculiarly adapted to the investigation of these 
vesicles ; and so far from their having any appearance of connexion with 
a central canal, as represented in the figure copied from Ehrenberg, they 
are in continual circulation, moving slowly upwards along, one side of 
the body, and in the opposite direction down the other, continually 
changing their relative positions with each other. 

(77.) With respect to the central canal (fig. 10, 2, 3, 4), we have not 
in any instance been able to detect it, or even any portion of the tube 
seen in the figui’cs, much less the branches represented as leading from 
it to thd vesicles or stomachs, as they arc called. Even the circum- 
stances attending the ^prehension of food would lead us to imagine a 
different structure ; ^Atncss, for example, the changes of form which 
t/ncheJija pxqm undergoes when taking prej^, as shown in Ehrenberg’s 
figure, where it is represented in the act of devouring a large anini.'dcule, 
almost equal to itself in bulk, and is seen to assume a perfectly different 
shape as it dilates its mouth to receive the victim, with which its whole 
body become^graduaUy distended. Such a capability of taking in and 
digesting a prey so disproportionate would in itself go far to prove that 
the minute sacciiH were not stomachs, as it evidently cannot be in one 
of these that digestion is accomplished. 

(78.) Since the above was written, the news of Professor Ehrenberg 
relative to the organization of the nutritive organs of the so-called Poly- 
gastric Infusoria have been combated by many zealous observers botli 
in this country and upon the Continent, tind appear now to be univer- 
sally abandoned. Mens, F. Bujardin* attributtjs tlicvformation of the 
internal cells obsciwable in the interior of these animalcules to t he ])ro- 
])crties of a peculiar glutinous animal substance rcscmbbng living jelly, 
of which he supposes the lower organisms to be principally composed, 
and wliich he calls sarcode. This substance, according to the views of 
^r. Dujardin, sjxMitancously produces in the inUuior of its mass vactwhs, 
or little spherical cavities, into which the surrounding water finds 
access, and conveys along with it the coloured particles, but having no 
regularity of arrangement. 

(79.) According to the views of M. Dujardin, the phenomena attend- 
ing the passage of aliment into the bodies of the so-called Polygastric 
Infusoria may be described as follows — as they occur in Amphllepim. 
In the interior of the body there are generally perceptible five or six 
vacuoles or cavities, distended with water, in which arc contained 
monads and other substances swallowed as food. These vacuoles change 
tlndr situation, advancing gradually towards the posterior extremity 
of the animalcule, where may be observed a vacuole or vesicle of 
* “ Rechorches 8ur les Organismes inftricurcs,” Ann. des Nut. 1835. 
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larger size (and frequently irregular shape, its contour being lobulated), 
evidently formed by the union of several smaller vacuoles, which, having 
boon successively brought into contact, have become fused together like 
bubbles of gas. This largo posterior vesicle becoming more and more 
distended, its walls become thinner, and at last it opens externally by a 
wide lateral fissure, discharging its contents and then contracting to a 
comparatively small size. If this process bo that which generally takes 
place (as it is supposed to be by M. Dujardin), the excretory orifice will 
be constantly formed at that point where the internal vesicles (so-called 
stomachs) terminate their career after having passed through the glu- 
tinous interior of the animalcule ; and in this case its position, although 
it is not the termination of an intestinal canal, may be sufiicicntly con- 
stant to atford a character of classification. • 

(SO.) The celebrated botanist, M. Mcyen*, regards the true Infusoria 
as being vesicular beings, haring theii' intcrioi* filled with a kind of 
mucous substance. The thickness of the walls of the body, according 
to this observer, is in many species such as to bo easily apjucciatcd, and 
contains a spiral structure, which is readily pcrce 2 )tible, and which, as 
he thinks, establishes a complete analogy between these creatures and 
vegetable cells. In the larger kinds of Infusoria a cylindijcal canal (the 
<esoi)liagus) passes obliciucly through the integument, and becomes dilated 
iuferiorly, when distended with nutritive matter, to the size of the coloured 
globules met with in the int(;rior of the body. The inner siuface of this 
(rsophageal tube is lined with cilia, the action of which alimentaiy 
substances are kept in movement until they acejuire a spherical shape. 
AVhen the pellet thus fomied becomes as large as the size of the ^diarjiix 
will allow, it is expelled therefrom, and pushed into the cavity of the 
animalcule ; a second pellet then accumulates, if any solid particles are 
coiitaiucd in the surrounding fluid, which being in like manner impelled 
into the genend cavity of the body, jaishcs the preceding one (which is 
now surrounded with mucosiiy) before it, and so successive pellets are 
fornu'd one after the other, with which the cavity of the body becomes 
filled, giving the appearance that induced Professor Elirenberg to 
considcu’ these little ))eings as furnished with numerous stomachs. 
If no solid particles exist in the fluid surrounding the animalcule, the 
pellets are less consistent, exhibiting the aiipcarancc observable in 
specimens living in colourless water, in which case they arc made up of 
a small numlx'r of particles, and seem to ho primapally composed of 
mucosity. Sometimes (observes M. Meyeii) two of the pcdlets so formed 
are, when forribly pressed together by the contraction of the body of the 
animaleaile, observed to coalesce and become united into one mass, — a 
circumstance in itself sufficient to jn'ove that they arc not enclosed in 
stomachal walls. 

(81.) In ordcjr to witness the formation of the pellets above de- 

* “ Quclqiios Obstrvalions siir Ics Org. digest, des Iiifiis.,” Ann. dcs Sc. Nat. 1839. 
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scribed, it is necessary to begin the examination of the unimalculo 
immediately on placing it in coloured fluid, as the deglutition of the 
coloured particles is very rapid ; frequently, in the course of liulf a 
minute the pellets may be seen to issue one after the other from the 
oesophagus, and to bo gradually propelled along the internal wall of tlic 
cavity of the animalcule. In Paramecium^ Keroniif and the VorilcdhVf 
each new pellet pushes the preceding one before it so that jthey mount 
up along the opposite wall and are rctuincd down the other side, until, 
after having accumulated to some extent, they are expelled one after the 
other from the anal outlet. 

(82.) The number of pellets thus formed is frequently so considerable 
that they fill up the whole abdominal cavity, and so closely united to- 
gether thht they form a mass that revolves slowly upon itself, as may ])e 
seen in the VorticelkeA This last kind of movement is the effect of the 
forcible expulsion of tlfe newly-formed pellets from the gullet into the 
common cavity, of which fact M. Meyen assures us that he has had con- 
vincing proof. In other cases, when the number of pellets is small, 
they exhibit the kind of circulatory movement already spoken of, the 
cause of which is not so obvious. 

(83.) The qt)servations of Dr. Lachmann relative to the mode of feeding 
of the Acineta (fig. 17) throw considerable light upon this jxart of their 
economy. When an Infusorium touches the button-like dilated apex of 
the ray of an Acineta, it usually remains adhering to it ; the apex of the 
ray becomes still more dilated, so os to form a sucking disk, and tlic ray 
becomes thicker and shorter ; at the same time other rays make grasp- 
ing movements, and endeavour to attach their extremities, which are 
dilated into sucking disks, to the captured prey. If the latter does not 
soon succeed in making its escape by great exertions, by which tlic rays t)f 
the Acinetm are often much disarranged and injured, th(; Acineta begins 
to suck out its contents. Each ray is a sucking proboscis ; and it may 
soon be seen that a current of chyme-particles runs from the alimentaiy 
cavity of the captured Infusorium into the body of ihv. Acineta, througii 
the axis of the rays, which, after seizing the prey, have become sliort- 
cned and thickened. In the body of the Acineta, the (•}iymc-i)arfic]es 
stiU run at first in a single row, but afterwards they collect in a droj), 
which soon becomes amalgamated ud^h other drops derived from oth('r 
suckers. When a considerable quantity of the chyme of the captured 
animal has passed over into the Acineta, a remarkable change gradually 
takes place in its appearance : if it was previously pule, nearly trans- 
parent, and only very finely granulated, larger, dark globules, resembling 
fat-drops, now make their appearance here and there, and these soon 
increase, so that the body acquires a granular aspect and becomes 
opakc. The globules or drops which thus make their appearance (‘an 
only be formed in the body of the Acineta, as they are far larger than 
the chyme-piirticles which arc seen flowing through the sucker, d'he 
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animal whoso contents are thus sucked out gradujilly collapses and dies ; 
many he(u)m(; li(|ueficd when only a little of the chyme is extracted from 
them, otliors still live for a long time ; in large animalcules, such as 
Sit/lo)iif(‘hia 7)1 Iff this, Parameckm au7'elia, &c., the sucking often con- 
tinues for several hours. 


Fig. 17. 



Acineta tuherosu (Ehr.), rttliurhod ti) a stalk of Ceramium diophanum. The specimens marked 
a and i ure fully i-xpanded; y, side view of ditto; in S the tentacula are seen in a partially, and 
in ^ in a fully contrJwU'd stiitA*. The three llgwres upon the opposite side of the sti>m of Cera- 
miioii represent Acineta mifftlidna. 

(S4.) A niimher of roundish corpuscles, sometimes coloured, some- 
times cohiurless, arc generally found to occur diffused through the 
parenchyma of many Infusoria, wliieh were considered by Ehrcnbcrg as 
ova or spawn. The actual production of young from these corpuscles 
hius, however, never yet been observed ; and they are now believed to be 
nothing more than chyme-globules, which make their appearance after 
the digestion of food, as in the instance of the Acineta above-men- 
tioned. 

(<S5.) A coloured gastric juice has been described by Elircnberg as 
(existing in tlic gastric cavities of some Infusoria. The colour has, how- 
ever, been accounted for by Sicbold as produced by refraction and the 
presence of aggregations of pigment-granules. According to Professor 
Hcnfrey the reddish -violet colour is real, and arises from the presence 
of solution of the chlorophyll of certain Oscillatot'hv.. 

(8(5.) Two other organs remain to be mentioned which are common 
to all the Ciliated Infusoria, namely the contractiU space ” and the 
“ nucleus^ 
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(87.) The contractile space (seminal vesicle according to Ehrenlx'rg) 
is regarded by many recent authors, in accordance with Jlujardin’s 
example, as a cavity destitute of proper walls (vacuole), which is some- 
times supposed to form the analogue of a heart, and sometimes that of 
an ex(Tctory or respiratory Avater-\'ascular systcan. In order to bo able 
to judge of these views, it will be necessary to ('xamiiu; ratli'or closely 
into the behaviour of this “ contractile sjiuce and for this purpose llios(i 
Infusoria in which })rocess(‘S or brandies derived from it can be deti'cted 
appear to be pjirticularly worthy of attention. 


1 


Fig. 18. 





■ % 


j -f- 



Paramecium aurelia (Ehr.), magnified "00 diametora. 1. Tho animalculo at rest, undi*r sliglit 
compression: o', the position of the mouth; s, contrac^tile vesicles surrounded with radiating 
processes; nucleus. 2. Another s|)edmen, placed in water coloured with indigo, 8hov>ing tin? 
ciliary currents, the oral aperture, o', and the coloured i>elJet8 in the interior of the body. 2. Tho 
same in process of longitudinal division, each Augment containing a distinct nucleus, -i. A spe- 
cimen swimming freely about after being fed with carmine; the mouth, nucleus, and star-like con- 
tractile vesicles are seen more in prolllo. 


(88.) Kadiating branches of the contractile spaces were first discovered 
by Ehrenberg in Paramecium and some otlicr Infusoria. When the con- 
tractile space is fully expanded, the rays can only be observed as lino 
lines, or, when the light is not good, are entirely imperceptible. On 
tho sudden contraction of tho space, how^ever, they instantly swell into 
pyriform cavities placed close to the position of the contractile organ 
which has disappeared. During the slow reappearance of tho contractile 
space, the rays gradually decrease, and they in turn have almost disaf)- 
peared or become reduced to fine lines when the vesicle has athiined its 
full extension. These rays, as well as the contractile spaces, lie, as in 
all Infusoria, close under the skin (** cuticula” of Cohn), in the i)aren- 
chymu of the body (‘‘ cortical layer ” of Cohn). 

(89.) The processes of tho contractile space arc seen with remarkable 
clearness in the large SterUor pol^morjfhusy in which a very considerable 
portion of a vascular system may be recognized. The contractile space 
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« fev''r'L/y- 


lies a little to tlio loft of the oosophagus, near the plane of the ciliary 

disk: from it a longitudinal 

. Fig. 19. 

vessel runs to tlai posterior 

extremity of llie animal, A , 

and an annular ^'essel round . ' ! *!;; \ ^ - ; V'*’ " 

the ciliary disk, (dose under ' ' i'.' 
its series of cilia, llotlitliese ' '.■ 

are visit de_ even during tlio 

ex])ansion of the contractile - ') ' 

vc'sic.le, hut sn-(dl up siid- - ^ 

dmdy during its contrac- 

tion, like the rays of Para- 0 

'Him urn above descril)ed ; and '\j ',;-7 /' 

then the longitudinal vessid pjij; ;/'f. ,C ^ '/ 

usua lly ex h ihi ts considerable ; /; • -'I 

dilatations, Avhich, when su- ' 

pcrficially examined, miglit ,. T' 

easily be tak(‘n for inde- v:y. -:v:<' .‘ 

neiidcnt disunited cavities 

(vacuo](\s): the annular % 

vessi'l exhibits a more uni- 

form aspect ; only two •' 

rounded dilatations make Sienfor MUlleri (Ehr.), mnRnlfl<'cl. It is rt*proB('nt»*d 
tlu‘ir ap])earanCC in it. holf-wiitractcd Ht«t<*,ancl placed in indigo-HtiUT, so 
- , 1 11 1 as to show the ciliary currents. 

lloth vessels gradually de- 
crease diuing the reappeamneo of the contractile vesicle, apparently 
without any contraction of their own. 

It is therefore probable that in all the Infusoria possessed of a con- 
tractile space, it is the centre of a vascular system which does not merely 
consist of chasms formed in the parenchyma by its accidental separa- 
tion. Another and more difficult question concerning its nature remains 
to be cleared up, namely whether the vessels and the contractile space 
possess proper walls — in other words, whether the contractile space is 
i)T is not a vesicle. The mode of its contraction, which differs from the 
other contractile ifficnomena of the parenchyma of the body, appears to 
speak decidedly in favour of its vesicular character, as do some other 
facts, such as the uhenoraenoii presented by Sj[)irostomum amhnjuum, 
an animalcule in which the anus is situated at the hinder end of the 
animal, and close in front of it is the very' largo contractile space. 
When fully expanded, this space appears to bo surrounded only by a 
thin membrane ; but nevertheless pellets of excrement, often several 
at the same time on different sides of the vesicle, form projections 
which are nearly hemispherical both towards the vesicle and the outer 
surface of the body,— a circiuustancc which could not happen if it were 
not a vesicle with proper wudls. 


Stenior Millleri (Ehr.), mnRnlfl<‘cl. It is rfproB('nt»*d 
in n holf-wiitractccl Ht«t<*,ancl placed in indigo-HtiUT, so 
UH to allow the ciliary currents. 
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(90.) When examined with a good raieroscoiio, the Infusoria are 
found to he possessed of another organ of vt'iy niysttTioiis chai aeter, 
which, in accordance with the prevailing notion of tlnar analogy ’v\ itli 
animal or vegetable cells, has been named the nucleus, and which cer- 
tainly, as we shall sec hereafter, seems to play an important part in 
their economy, more especially in connexion with the propiigatiuii of 
these animalcules. , 

The nucleus is usually roundish or longish, or even (as in many Kor- 
ticellime and Stentor) much elongated and baiul-liko. It is enveloped in 
a peculiar membrane, and generally presents a homogeneous or linely 
granular appearance. It appears constantly to enclose a cavit} sur- 
rounded with very thick wallsi and sometimes contains a smaller body, 
designated nucleoluSy which, how’cvcr, in certain species is situated ex- 
temal to the nucleus.! 

The nucleus, as a general rule, seems to be affixed to the walls of the 
animalcule, as it does not appear at all to participate in the rotatory 
movements observable in the interior of the body. 

(91.) In most, if not all Infusoria, the w'hole surface of the body is 
capable of exuding a gelatinous matter. Some do this regularly ; and 
the exuded ^aterial either retains its gelatinous consistence, or, hard- 
ening into a homy substance, forms a sheath or shell (lorica), into 
which the animalcule can contract itself more or less completely. 

Another kind of exudation also occurs in a great many species, which 
leads to the formation of a case or cyst enclosing the animalcule that 
secretes it — the object of which appears to be the protection of the 
encysted animal from unfavourable circumstances in the surrounding 
water, and from death from desiccation. This process of encystation is 
sometimes connected with the reproductive function, as we shall see 
hereafter. 

(92.) The reproduction of these animalcules is effected in various 
ways ; and not unfrequently the same individual would a 2 )poar to pro- 
pagate by two or three different modes of increase. 

(9ii.) The first is by external geramules or buds, which sprout like 
minute gelatinous tubercles from the .surface of the body, and, gradmilly 
attaining the shape of their parent, developc the cilia characteristi(; of 
their species, and soon become independent beings, although they do not 
attain to their full growth until some time after their separation. 

(94.) The most usual mode of profMigation, howevcT, is by 82)onta- 
neous fissure, or di\i.sion of the body of an adult animalcule into Iavo or 
more portions, each of which is perfect in all its parts. This singular 
kind of generation, by which the old animalcule literally becomes con- 
verted into two or more young ones, is accomplished in various ways, 
which will require separate notice. 

(95.) In the oval forms of the Infusoria, the line of separation gene- 
rally divides the body transversely into two equal portions, by a process 
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the cliffcniiit stages of whieli are representod in fig. 20,1,2, 3. The body 
of an animiilculo about to divide in this manner becomes at first slightly 
elongated, and a lino more transimrent than the rest of its body is seen 
to cross its middle portion : a constriction becomes gradually apparent at 
each extremity of the line of division ; this soon grows more decided, and 
at length the two parts arc only united by a narrow isthmus (fig. 20, 3), 
which, getting thinner and thinner, allows a slight efibrt on the part of 
either of the now nearly distinct portions to tear itself from the other 
hulf and complete th(i separation. 

(9().) In some elongated species (fig. 20, 4) the fissure is effected in 
a longitudinal direction, the separation gradually proceeding from the 
posterior to the {interior 
extremity of the body 
(fig. 20, 0) ; yet even in 
tluise the division is occa- 
sionally trjinsverao, the 
newly-formed creature ap- 
pearing tnmeated at one 
end (fig. 20 , 6) fo» some 
time after the completion of 
the process. 

(97.) The above mode of 
generation, as exhibited in 
ForO’ce?7a, a group of which is 
seen at fig. 20, 9, 10, 11, 12, 13, 
is very curious ; and from the 
different forms assumed by 
the young during thtJ progress 
of their development much 
confusion has occurred, each 
sbigo of growth having been 
described as the permanent appearance of a distinct species. This 
beautiful animalcule seems to be propag{itcd in several ways. Some- 
times this is effected by external gemmules, whicli appear like minute 
points, scarcely more than -nj\^th of a line in diameter, upon the pedicles 
of the adult Conv{illariie ; these jn time become pedunculated, and, 
although still very small, exhibit the cilia upon the margins of the de- 
licate cups; in this stjite they were called by 8chrank Vortkellce mom- 
die(v (fig. 21). The Vorticellie generally, however, multiply by fissure, 
the bell- shaped cup at the extremity of their highly ii’ritable pedi- 
cles se])arating longitudinally into two ; but the jirogrcss of this 
division r(!cpiires oiu- particular notice, as the unpractised observer 
might bo considerably 2 )uzzled on ^vitnessing some of the phenomena 
attending it. 

(98.) The adult animalcule (sc(*n with its 2 >edielo fully extended, 


Fig. 20. 
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fig. 20, 9), Trhen it is alamiod, shrinks by throwing its stem into spiral 
folds (lo). In the latter figure, the hell or body of the animalcule is seen 
to have exhmded considerably in breadth, preparatory to its boc^oining 
diWded into two distim^t creatures. At 11, tlie commencement of its 
division is depicted, — the separation gradually extending from the base, 
or ciliated extremity, to the point where the body is attached to its 
stem. When the division luis extended thus far (12), the newly-formed 
portion is seen with surprise to have become furnished with cilia at l)otli 
ends, and when finally detached ( 13 ), only at the oj)posite extremity to 
tliat on which they originally existed ; it then becomes freed from its 
pedicle, and thus losing the great characteristic of its species, swims 
about at large, exhibiting foimis represented jit 14 , 15 , 16 , 17 , all ot which 
have been described as distinct species by dificrent writei-s ; at last it 
puts forth a new stein, and, assuming the adult form, becomes fixed by 
its pedicle to some foreign body. 

(99.) This fissiparous mode of reproduction is amazingly productive, 
and indeed far surpasses in fertility any other with which wo arc ac- 
quainted, not excepting the most prolific insects or even fishes. Thus 
a Paramecium^ if well supplied wth food, has be®n observed to divide 
every twenty-four hours, so that in a fortnight, allowing the product of 
each division to multiply at the same rate, 16,384 animalcules would bo 
produced from the same stock ; and in four weeks the astonishing num- 
ber of 268,435,456 new beings would resxdt from a continued repetition 
of the process: wo therefore feel but little surj)riso that, with such 
powers of increase, these minute creatures soon become diffused in count- 
loss myriads through the waters adapted to their habits. 

If the organization of these animalcules were as simple as it was 
supposed to be a few years ago, when they were Ishought to bo mere 
specks of living jelly, imbibing nourishment at every point of their 
surface, which became diffused through aU parts of the homogemcous 
texture of their bodies, their spontaneous division would be perfectly 
intelligible, and every step of the process easily understood ; but, setting 
iiside the conformation of their digestive ai>paratus, there arc many cir- 
cumstances attending the operation indicative of a power of developing 
new organs in the construction of ever}* fresh individual, which must 
be looked upon as a v’ciy intercstiyg feature in their historj". Thus 
a new oral orifice, surrounded with cilia, must be formed upon the 
posterior segment of each divided animalcule. In Nassula eh f fa ns 
the curious dental apparatus, complex as its stnicturc seems to be, 
must be developed upon the new part of the body preparatory to every 
separation ; and accordingly a new mouth or dental cylinder is actually 
seen to sprout from the hinder half of the creature before its transverse 
fissure is complete. 

(100.) Nearly all the Infusoria and llhizopoda have in their interior 
a kind of nucleus, which is (juitc different in its compact texture from 
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the parcncliyma by which it is sinTouiidcfl. The micloiis seems to 
play an css(*ntial part in the fissnration ; for every time tlic animalcule 
divides either lon.^itudinally or transversely, this organ, which is usually 
situated in the middle, divides also, so that each of the two new in- 
dividuals has a nucleus. This nucleus, which is of a fine-granuLar 
as])e(;t anil denser structure, retains its form when the animalcule is 
])ressed hetwgen two plates of glass and the other parts are spread out 
in various ways. By diiaad light its colour appears pale yellow. 

(101.) A remarkable mode of reproduction, by observed 

first by Stein in differimt species of VorticeVa^ appears to c.vist com- 
monly among all the animalcules of this class*. The individual about to 

Fig. 21. 



Vorticdla niirroatuma (Klir.), showing dilTfn'nt stngrsof tho itroerssofflsRirarous ffprihluotion. 

Thi* busis to which tin? group ia attm-iu-d consiats of a Uucly gramihir iiiucoua muss. 

become encysted contracts slightly, and closes its peristome ; and around 
it there then aiipears a cloud-like saccidus 1‘ormed by a viscid liquid, 
whi(di is jirobably tho result of n^cubineous secretion. In this liipiid 
arc developed granules, which, augmenting more and more in number, 
and adhering together, finally form a membrane, which becomes hani 
and resisting, ultliongh soft and flexible when first produced. This 
encystment ai)i>cars to have a double purpose: first, to udthdraAv these 
very delicate animals from the destructive effects of drought and cold ; 
and secondly, to allow them to undergo certain metamorphoses pro- 
tected from all external influences. 

* M. J, d’Uilckoni, “On the McUimorplioses of the Vorticellaj,” Ann. Nat. Hist, 
for July 1809. 
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The Vorticellian thus encased becomes attenuated and folded upon 
itself ; the sarcodic substance appears to traverse its integument in all 
parts ; from time to time it still contracts, but ultimately becomes com- 
pletely dissolved, so that we find in its place merely a homogeneous 
sarcodic liquid, containing granules, together with the nucleus, which 
resists the general destruction. In the sarcodo there takes place a pro- 
cess which may be in some measure compared with what^ occurs in the 
vitcllus after the fecundation of an ovum. The granules becoming 
united together form groups, which soon divide and subdivide ; at tho 
same time an integument is formed upon the surface, which is con- 
tractile, covered with vibratile ciHa, and closed at all points. The cyst 
now contains a new Infusorium, which may bo compared with tho 
Opalines or Bursar us which arc met with in the intestines of tho Ea- 
trachians. 

(102.) The next part of the process is tho transformation of the 
ciliated Infusorium thus obtained into an Acineta. While tho meta- 
morphosed Vorticellian revolves in the interior of the cyst, it undergoes 
development, increases in size, and its whole surface becomes covered 
with folds : at length a moment arrives when the cyst, yielding to tho 
pressure exerted in its interior, bursts ; the ciliiited Infusorium becomes 
free, and swims about with a rotatory movement, and is gradually de- 
veloped into an Acineta. Fourthly, ciliated embryos make their ap- 
pearance in the interior of the Acineta thus produced, apparently 
formed at the expense of the nucleus ; the nucleus becomes totally 
converted into an embryo, and after the expulsion of the latter a now 
nucleus is formed, which in its turn becomes transformed into another 
embryo, and so on. Lastly, the embryos become fixed, and transformed 
into young Vorticslhs. *- 

According to »Stein, therefore, the Voriicelhe by this process of en- 
cysting are transformed into Acineta), and these again, by means of 
internal motile embryos w'hich are emitted from them, change into 
VorticeUa). But the reality of this metamorphosis has been disputed 
by several careful observers ; nevertheless Professor 8tcin still retains 
his original \iews upon this subject*. 

(103.) The encapsulation of Kerona pustulata is thus described by 
Mr. Carter : — “ The first change that occurred was the absence of all 
crude aliment in the abdominal cavity ; then a division of tho nucleus 
into four parts, preparatory to its disappearing altogether. At the same 
time certain dark angular grains, which had been floating round with 
the sarcodo of the abdominal cavity, became congregated in the poste- 
rior extremity. The Kerona now became shortened, its cilia disappeared, 
and finally it passed into a rounded-oval ball. This, after a certain 

* Vide an elaborate paper by Ur. II. Cienkowski, in the ‘ Bulletin do la Classo 
Physico-Matheniatiqiio do I’Acad. Imp. des Sciences do St. Pclcrsbourg’ for January 
1855. 
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time, resolved itself into an obtuse-elliptical capsule enclosing a spheri-. 
cal cell with a separate mass of dark angular grains. The capsule was 
laminated and ragged on the outside, and defined by a clear line in- 
ternally, while the spherical cell contained all the vital remains of the 
Kerona, together with the contracting vesicle, but exclusive of the 
‘ dark angular grains,’ which, adhering more or less together, were still 
enclosed within the capsule. At this time the spherical cell was ro- 
tating, probably from the presence of cilia upon its surface, and the 
contracting vesicle active; but subsequently the granular mucus of 
which it was composed became transfomied into a number of uniform, 
round, refractive, oil-looking bodic.s, and the contracting vesicle disap- 
peared. After the lapse of nearly a month, the contents of the spheri- 
cal cysts again became active, and had assumed definite form8,‘rdtating 
rapidly in their cells, sometimes one way, sometimes the other, attended 
by intervals of rest ; with many also a lifeless portion was present, 
whi(;h was forced round equally first with the living one.” Mr. Carter, 
however, was not fortunate enough to witness the actual escape of the 
enclosed animalcules. 

(104.) The encapsulation of Plcesconia Chamty likewise witnessed 
by Mr. Carter, presented analogous phenomena. “ The Plcesconiae had 
not appeared twenty-four houra when they began to assume a globular 
form by becoming shorter and shorter, and at the same time secreting 
an albuminous substance around them, within which the legs and cilia 
were gradually withdrawn, and a spherical capsule was thus formed, 
which adhered to the watch-glass. All trace of the Ploesconiae now 
became lost, with the exception of the refractive globules in the abdo- 
minal cavity ; and the contracting vesicle, although active at first, soon 
disappeared. In this pas.sivc state of existence the Plooscouiae con- 
tinued for two days, when the contracting vesicle again began to resume 
its functions, and the included animalcule, detaching itself from its 
capsule, began to rotate gradually. Cilia next presented themselves, 
the rotatory motion became accelerated, the distension of the con- 
tracting vesicle increased, until at last the capsule burst, and a portion 
of the cilia of the Plcesconia was at the same time protmded. A 
few minutes of rest now succeeded ; and the cilia having been with- 
drawn, the rotatoiy motion was again resumed, while the distension of 
the contracting vesicle also going bn, at last became so great as to force 
a portion of the body of the encysted Plcesconia through the rent, when 
an interval of rest followed. The portion of the body was then yvith- 
drawn, and the same process repeated several times, until at length the 
Plcesconia obtained its exit. It was now almost spherical in shape, from 
the enonnous distension of the contractile vesicle, behind which appeared 
numerous globules, and at the circumference the legs and cilia. In 
this state it continued stationary for some minutes, until the disten- 
sions of the contracting vesicle, evidently increased for the bursting of 
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the capsule, wore gradually reduced to their natural limits, when the 
different parts of the Ploosconia regained their respective positions, and 
the animalcule at last assumed its original form and bounded off in 
search of food.” 

(105.) The discovery of the propagation of the Infusoria by means 
of embryos or internal germs lias opened a new field of research in the 
history of the development of these animalcules. From the researches 
of M. JIalbiani *, it would appear that, besides the tmly agamic modes 
of reproduction, namely, by spontaneous division and gemmiparity, 
there exists a process by which the young arc formed in the interior of 
the parent, which gives them birth by the agency of distinct sexual 
apparatus. Stoin was one of the first to call attention to the part played 
by the nucleus in the process of reproduction ; but he thought that the 
germs were developed on the surface of this body by a species of gem- 
mation which would assimilate them rather to bulbilli, or caducous buds, 
than to embryos originating from fertile ova. They would seem, how- 
ever, to be really produced by an act of sexual generation. Wo will 
describe the phenomena witnessed by AI. Balbiani in the common green 
Paramecium (PammechmBarsaria,Fockc; Lo^voiles Bursaria, Ehrcnb.), 
as an illustration of what occurs in a great variety of other forms. 

In this species, as probably in all Infusoria, there exists a nucleus, 
which is hero accompanied by a small lenticular body, usually lodged 
in an excavation of the nucleus near one of its extremities, and gene- 
rally described under the improper name of nucleolus.” 

For several generations the Paramccia multiply by spontaneous 
scission, each of the two new individuals obtaining half of the primitive 
nucleus ; but under the influence of conditions of which we are still 
ignorant, the animalcule is propagated in a very different manner. 
When the period arrives at which the Paramecia are to propagate with 
concourse of the sexes, they may be seen assembling upon certain parts 
of the vessel in which they are contained, either towards the bottom or 
on the walls. Soon they are found coupled in pairs, adherent laterally, 
and as it were locked together, with the similar extremities turned in 
the same direction, and their two mouths closely applied to each other. 
In this state the two conjugated individuals continue moving with 
agility in the liquid, and turning constantly round their axis. There is 
nothing before this copulation to indicate the considerable changes that 
are about to take place in the nucleus and the nucleolus which accom- 
panies it. It is during the copulation itself (of which the duration is 
prolonged for five or six days or more) that their transformation into 
a sexual reproductive apparatus takes place. 

(100.) At the end of this time the nucleolus has undergone a con- 
siderable increase in size, and has become converted into a sort of cap- 

* “ On the existence of a Sexual Reproduction in Infusoria,” Comptes Renclus, 
29th March, 18r>8, p. 028. 
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sulc of an oval form, the surface of which presents longitudinal and 
parallel lines or streaks. Nearly always it soon divides, in the direction 
of its greater axis, into two or more, frequently into four parts, which 
continue increasing, independently of each other, in a very irregular 
manner, and form so many sccondaiy sacs or capsules. At a period 
which is still nearer that of division, these latter ap 2 )ear to be composed 
of an extrejnely fine membrane enveloping a number of small curved 
bacilla extending from one extremity of the sac to the other, inflated 
towards the middle, narrowed towards the extremities. It is these 
which, when seen through the enveloping membrane, give the capsule 
the striated appearance which is characteristic of it. It also contains a 
perfectly colourless and homogeneous fluid. 

At the same time, the nucleus has also changed its form anti aspect ; 
it has become rounded and widened ; its substance has become softer, 
lost its refractive power; and towards the margins it presents notches 
which, penetrating more and more deeply into its mass, isolate one or 
moi'c fragments, in which a suflicient magnifying power enables us to 
see a certain number of small transparent spheres with an obscure 
central point. In other cases the nucleus while still almost entire 
presents this aspect, and then appears as if stufled wi^i these little 
rounded bodies, the analogy of which to ovules cannot be doubted in 
the least. The evolution of the nucleus and nucleolus being identical, 
and progressing at the same rate in the two coupled individuals, it 
follows, if we regard the former as an ovary and the second as a testicle 
or seminal capsule, not only that each of them possesses the attributes 
of both sexes, but that they fecundate each other. 

As regards this fecundation itself, eveiything seems to prove that it 
takes place by means of an exchange made by the two coupled indi- 
viduals of one or more of their seminal capsules, which pass through 
the apertures of their mouths, closely applied to each other, from the 
body of one Paramecium into that of the other ; for very often, although 
wo may not bo able to perceive this passage itself, we may detect the 
moment when one of the capsules already engaged in one of the mouths 
is on the point of clearing this aperture. 

(107.) Each capsule after its transmission continues to increase in 
size in the body of the individual which has received it — fre(piently 
attaining a volume greater than that of the nucleus itself ; but there is 
never more than one that arrives at maturity at the same time. When, 
having arrived at this state, it is examined after being pressed out of 
the body of the animalcule to free it from the granulations which mask 
it more or loss while there, it appears under the form of a largo ovoid 
body, the surface of which presents a multitude of parallel strioD 
directed longitudinally, duo to the arnxngcment of the corpuscles con- 
tained in the interior. Compression, carried so far as to cause its 
rupture, shows it distinctly to bo formed by a membrane of extreme 
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tenuity containing an immense number of minute fusiform corpuscle's, 
the extremities of which arc inij)orceptible on account of their extreme 
fineness. As soon as they are free, these little bodies exhibit a vacil- 
latory and translatory movement, which soon causes their dispersion in 
the circumambient fluid. These are the spermatozoids of Paramecium 
Bursaria. 

(108.) It is usually from the fifth to the sixth day fallowing the 
copulation that the first germs are seen to make their appearance, in 
the form of small roimded bodies formed by a membrane which is 
rendered very evident by acetic acid, and containing a greyish, pale, 
homogeneous or almost imperceptibly granular matter, in which neither 
nucleus nor contractile vesicle is yet to be distinguished : these organs 
do no{ fippear till afterwards. Stein and F. Cohn have shown that 
these embryos quit the body of their parent under the form of Acinetc^f 
famished wuth knobbed tentacles (tme suckers, by means of which 
they remain for some time stiH adherent to the mother, derhing thcii* 
nourishment from her substance) ; but their investigations did not re- 
veal to them the ultimate fate of these young animalcules. M. lial- 
biani was able to follow them for a considerable time after they had 
detached thejjnselves from the parent animalcule, and convinced him- 
self that, after losing their suckers, becoming clothed with vibratilc 
cilia, and obtaining a mouth, which first shows itself in the form of 
a longitudinal furrow, they definitely acquired the form of the moth(‘r, 
becoming filled in the same way with the green granulations charac- 
teristic of this Paramecium, without undergoing any more important 
metamorphoses. 

M. Balbiani* did not succeed in witnessing the deposition of the ova, 
but he thinks it verj^ probable that they escape by the anus or by some 
neighbouring aperture. In Stylonijchia he observed them to collect in 
the posterior part of the body and diminish gradually in number from 
the first or second day after copulation, at wdiich period a round pale 
body begins to make its appearance in the centre of the animalcule, which 
becomes constricted in the middle and reconstitutes the double nucleus. 

(109.) The Infusoria would seem to be destitute of copulatory 
organs. In most cases sexual intercourse is effected by simple juxta- 
position of the mouths of the two animalcules. In the Oxy trichina the 
union is more intimate, and goes so far as to constitute a true solder- 
ing of the two individuals for more than two-thirds of the anterior part 
of their length. Any one who had not witnessed all the phases of this 
remarkable copulation would necessarily regard this state as a case of 
longitudinal division proceeding from behind forwards ; but the con- 
comitant changes of the internal organs cannot leave the least doubt as 
to the signification of this act. 

♦ “ On the Ocnerative Organs of the Infusoria,” Ann. Nat. Hist. mr. .3. vol, ii. 
p. 443. 



mj: rAMOnniosEs of teichoda lyncefs. .vi 

(110.) The r(!markal)lc history of Tvichoda Lynceus has been studied 
by M. Jules Haime*. This animaleulc would appear to commence its 
existence under the aspect of an OA'ytricha (Ehrcnbcrg) (fig. 22,1,2), in 


Fig. 22. 



Mfliinioriiliosf's of TrU-hoda Li/nertut. 1. Larval c*mdition {Ojrjjtnchu), soon from below. 2. The 
same, after swallowiiif; another uninialeiile. .‘t. A very larg«* speeimen just about to underpfo fission. 
4. The Ham«>, showiiin the llBsiparous process in a more advanced slime. One of the protlucta 
of such fission. »i. 1’he sjiine, having lost most of its cilia and assumed a Bjiherical shape. 8. The 
same, now become completely motionless. t». Ajipearance of the same after the lapst* of fifteen 
days. 10. Later f-ondifion of the same, showing fhe formnlion of a cy.st. 7 & II. After the 
expulsion of a coiisidenible quantity of exuvial matter, a ciliated animalcule appears in the inte- 
rior of tlw cyst. 12 & l.'t. Till* ineliidiHl animalciih* escapes from its encystineiit and at length 
assumes the form of an vlapidweioi, n-pn-seiifed at 11. 1"». The eompMe animalcule walking by 

means of its setn*. Id. Inf«*rior aspect of the same when at n-st. — All (he figures are magnified 
ye.5 diameters, except the two last, which are shown und«*r a magnifying power of 7d0 diameters. 

which condition it undergoes multi]>lication by transverse fissure in the 
usual manner (3, 4). The halves resulting from this division then as- 
sume a globular form, lose the greater part of their locomotive apparatus, 
and become encysted (6, 6), The contents of the cyst next separate 
from their envelope, leaving a space on one side, in which ciHary move- 
ment can be distinguished (7). This space spreads all round ; granular 
matter is expeUed from the cyst, whereby its form becomes altered (8), 
and the distinction between the newly formed animalcule to which the 
cilia belong and the remains of the original ci'eaturc becomes more and 
more apparent (9, 10, 11), until at last the former escapes through the 


* Ann. dee Sc. Kaf. scr. 3. t. xix. ]). 109. 
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walls of the cyst (12, 13, 14, 15, IG) and soon dovi'lopes itself into an 
Aspidisais. How the Aspidisciis returns to the C)xytricha-forin is still 
a matter for speculation. 


CHAPTER IV. 

ANTHOZOA. 

Zoophytes of old Authors. Phytozoa (Ehrenberg). 

(111.) It is not surprising that many members of the extensive 
class upon a consideration of which we are now entering should have 
been regarded by the earlier naturalists as belonging to the vegetable 
kingdom, with which, in outward appearance at least, numerous species 
have many characters in common. 

(112.) Fixed in large arborescent masses to the rocks of tropical 
seas, or, in our own climate, attached to shells or other submarine 
. substances, they throw out their ramificati«)ns in a thousand beautiful 
plant-like forms. Incrusting the rocks at the bottom of the ocean with 
calcareous e^u-th separated from the water which bathes them, they 
silently build up reefs and shoals, jiistl}’ dreaded by the navigator and 
sometimes giving origin, as they rise to the sui’facc of the sea, to islands 
which the lapse of ages clothes with luxuriant verdui'o and peoples 
with appropriate inhabitants. 

(113.) Among the calcareous structures derived from the tropical 
seas, usually known by the 
general terms Madrepores, 

Corals, &c., and which, from 
the beauty of their structure, 
form the ornaments of oiu* 
cabinets, few are more com- 
mon than those denominated 
Fungus and Meandrinm — ani- 
mals belonging to the group 
MadrepliylVma of systematic 
zoologists. 

(114.) These masses con- 
sist of thin plates or laminm 
of calcareous matter (fig. 23), 
variously disposed in different 
species, but in the Fiingla 
aganciformis, which we have 
selected as an example, ra- 
diating from a common centre, and forming a circular mass resembling 
a mushroom. When living in its native element, every part of the 


Fig. 23. 
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surface of tliis stony skeleton was incrusted with a layer of animal 
j(dly, down into the interstices of the plates, and covering the 

whole framework. In tho figure, the darker portion indicates the 
living crust; ^\•hilst from tho lighter parts it has been removed, to 
sliow the stony skeleton itself. There arc no arms or moving parts 
adapted to the prehension of food, and no separation of organs for tho 
performance of tho vital functions ; the thin membranous film apparently 
absorbs the materials of its support from the water of the ocean, and 
deposits within its substance the calcareous particles which it secretes, 
moulding them into the form peculiar to its skeleton, which it gradually 
enlarges as its own extent increases. 

(115.) The gelatinous investment, however, gives certain dubious 
indications of vitality, and possesses a power of contraction as to 
retire between the laminae of its skeleton when roughly handled, and 
thus conceal itself* from injury. Upon the surface of the soft crust are 
seen a number of vesicles (indicated in the figure), which have been re- 
garded as rudimentary^ tcntacula from the circumstance of their being 
able to contract and vary their dimensions ; recent observations, how- 
ever, lead to the belief that they are cavities filled with air, serving an 
important i)urpose in the economy of the creature — namely, that of 
preventing it from being turned upside dowm b^ the occ{isional agitation 
of the ocean. These air-vessels may therefore be looked upon as floats, 
■VA'liich, rendering the upper surface more buoyant than the inferior, 
materially assist in preventing such an accident. • 

(11 (j.) Tlie reproduction of Fmujia is effected by the development of 
sprouts or gemmm which pullulate from tho animal substance as buds 
issue from a plant, and remain for some time fixed to the parent by a 
spi^cies of foot-stalk, whidi sustains them until they have attained to 
a considerable size, — the young Fungiie being upwards of an inch in 
diameter before they become detached. When mature, they separate 
from the top of the stony peduncle Avhich hitherto supported them ; 
and at this time the skeleton of the 3 U)ung Fungia, when divested of 
its fleshy part, shows a circular opening beneath, through which tho 
radiating plates of the upper surface are nsible. In a short time a 
deposit of calcareous matter takes jflace, which cicatrizes the opening, 
the marks of which, however, can be traced for a considerable period. 

(117.) In the earliest period oT its develo})ment, the foot-stalk by 
which tho young is united to the parent, as well as its radiating disk, is 
entirely enveloped with the soft parts of the animal ; but as the upper 
])ortion spreads, and assumes its characteristic form, the pedicle is left 
naked, and tho gelatinous coating extends only to the line where the 
separation afterwards takes place. 

(118.) It is generally supposed that the etdeareous matter forming 
the skeleton of these madi'eporos is perfectly external to tho living 
crust that secretes it, and accordingly is absolutely extra-vital and 
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removed from the future influence of the animal. Such a supposition 
is, however, at variance with the facts above stated, and incompatible 
with many circumstances connected with the history of the lithophytoiis 
polyps. On trying to detach the soft envelope from the surface of the 
skeleton, the flrmness of their adherence would render such a want of 
connexion improbable — they appear to be, as it were, incorporated 
with each other ; and, besides, the separation of the Funpa from the 
peduncle whereby it was joined to the parent Fungia during its earlier 
growth necessarily supposes a power of removing the calcareous par- 
ticles after their deposition. It is therefore demonstrable that the 
earthy matter secreted by the poh'p is deposited in the tissue of its 
substance, and still remains, in a greater or less degree, subject to 
absorption and removal ; of this, how'cver, W'o shall have fuller evidence 
hereafter. 

(119.) Cortical comjoound Axtiiozoa. — ^Thc compound polyps consist 
of a mass of gelatinous matter, wdiich indicates, ])y its power of con- 
traction upon the application of stimuli, a degree of sensation, and of 
a great number of polyps, or flower-like months, w^hich spring from the 
surface of the common body, and are individually capable of seizing and 
digesting prey, the nutriment thus gained being aj)propriated to the 
nourishment of the general mass. 

(120.) Although essentially similar in their habits, the compound 
polyps present various modifications of structure, which naturally causes 
them to be grouped in distinct families. Sometimes the central common 
mass •is entirely soft and gelatinous, its surface being covered with 
minute cells in wdiich the polyps are lodged : such are the Alcijonkhe. 
fcjometimes the common body secretes large quantities of calcareous 
matter in the same manner as the Fmgia, w^hich, being deposited in its 
interior, forms arborescent masses, presenting upon their surface multi- 
tudes of cells, generally distinguishable after the removal of the outer 
cnist, in each of which when alive a poly^) was lodged : these form the 
family of Madrepondee. The central axis is not unfrcqucntly quite solid 
and smooth upon the surface, oflering no cells for the lodgment of the 
polyps — being either composed of hard and dense calcareous substance, 
O’* else flexible and horny in its texture : such are the CoralUdce, or 
family of corals, properly so called. The internal central axis is more- 
over, in another family, composed of several pieces united together by 
the living crust that secretes them ; and being free and unattached, 
such forms arc probably able to change their position at pleasure : these 
constitute the family of Pennatididrp, or swimming polyps. They arc, 
however, all merely modifications of the same general t}q)e of structure, 
although differing in certain minor points of their organization, so as to 
render an examination of each form needful for our purpose. 

(121.) ALCYONiDit:. — This fqmily includes several genera, known by 
the names of Alcyonhm, Lohidaria, Cydonium, <fec., being charac- 
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terized by having no solid axis developed in the intericH: of the com- 
mon body. The Cydonium Mullen (fig. 24) will give the reader a good 
idea of the general appearance of one of these compound animals. 
The central mass, or polypary, is entirely soft, being of a gelatinous, or, 
rather, subcartilaginous texture. Upon cutting into it, it is found to be 
intersected by tough fibrous bands, and not unfrequently contains calca- 
reous spicula dispersed through its substance: no muscular fibre or 
nervous matter has ever been detected in its composition, and its interior 
is permeated by numerous wide canals variously disposed. 

(122.) Few objects exhibit to the 
naturalist a more beautiful spectacle 
than the compound animals of which 
we are speaking. Wlien found nj)on 
the shore contracted and defoimed, it 
would be difficult to imagine that they 
were really organized beings, much less 
possessed of any elaborate conforma- 
tion ; yet on placing one of them in a 
tumbler of sea-water and watching it 
attentively, its true nature is gradually 
revealed: the central mass expands 
in all directions, exhibiting the cells 
upon its surface, from which in time 
the countless flower-liko pol}']i)s are 
protruded, which, stretching out their 
arms in all directions, wait for the 
approach of prey. A scene like this 
naturally leads us ^to inquire concern- 
ing some points of physiology connected with their economy; and 
several questions obtrude themselves upon us, which, as they are apph- 
cable to the whole group of compound polyps, may be well discussed 
in this place. 

(123.) That there is a community of nutrition — or, in other words, 
that food taken and digested by the individual polyps is appropriated to 
the support of the general body — is generally admitted ; but is there a 
comin unity of sensation, so as to render the entire mass one animal, 
capable of consentaneous movemehts ? or is each polyp independent of 
the rest in its sensations and actions ? Upon this there are different 
opinions, — some regarding the whole as a single animal, each part being 
in communication with the rest, and thus participating in the feelings 
and movements of the others, whilst some consider every polyp as a 
distinct creature, independent of the rest. The solution of this problem 
is a matter of some difficulty ; but there arc several facts which may in 
some measure enlighten us upon the subject. From the absolute want 
of nervous filaments which might bring into communication distant 


Fig. 24. 
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points of the body, wo might, theoretically, deny the possibility of any 
combination of actions ; and experiment teaches us that the assumption 
is correct. 

(124.) If, when one of these animals is fully expanded, transparent, 
and soft, any point of its surface be rudely touched, the whole body 
does not immediately shrink, but only the point where the- irritation 
was applied appears to feel the impression ; this part shortly becomes 
more dense, opakc, and a depression is seen gradually to appear. If 
the shock be severe, and extensively dilfused over the body, the con- 
traction slowly extends to the whole mass : the most violent local injury, 
indeed, seems to be totally unpcrceived at remote parts of the body ; 
whilst a general shock, such as striking the vessel which contains the ex- 
pande^i.pol}"p, produces a simultaneous contraction of the whole*. The 
poljT)s, however, exhibit much greater instability than, and their move- 
ments, from their rapidity, form a striking contrast to the languid con- 
tractions of the central portion : but that they have a community of life 
appears improbable ; they seem to act quite independently of each 
other: when one is touched, and suddenly retracts itself within its 
cell, it is true that those in the vicinity wiU likewise not unfrequently 
retire; but this circumstance may be accounted for by the sudden 
movement Si their neighbour ; for as the polyps are closely contiguous 
to each other, there is no cause for ui'ging a community of substance to 
explain itf. 

(125.) It has been obscn^cd by Milne-EdwardsJ, in Alajonullum 
(fig. 25) — a genus of Alcyonian zoophytes remarkable from the circum- 
stance that its polypary, or common body, consists of two portions of 
vciy' different consistence, the upper part or trunk (c) being (pdtc soft 
and flexible, w^hile the lower portion or foot (b), by wjiich it is attached, 
is of a hard and solid texture, — that although under ordinary circum- 
stances the movements of the individual polyps arc quite independent of 
the rest, a simultaneous contraction of the whole may be excited by 
irritating the common trunk, and that to such an extent that, if the 
stimulation be excessive, the whole of the soft portion of the polypary is 
retracted into a coriaceous sheath afforded by the foot. 

(126.) On making a longitudinal section of one of the ex 2 )andod 
polyps (fig. 26, 1), the main features of its anatomy become at once re- 
cognizable. The aliraentaiy’ canal (c) ‘is seen to be a cylindiiform cavity 
with membranous walls, occupying the axis of the upper ])ortion of the 
body, and extending from the mouth (6) to about the middle of the free 
jwrtion of the protruded polyp, yrhere it terminates by a distinct orifice 

* Professor Gh-ant, Lectures on Comparative Anatomy. Lancet for 18.‘J6-4, vol. ii. 

)). m. 

t Qiioj et Gaimard, Zoologic du Voyage de TUranic. Paris, 18,34. 

t M^moiresur un nouveau genre de la famille des Alcyoniens (genre Alcyonide). 
Ann. des Sc. Nat. 1835. 
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(d). Internally, the digestive sacculus presents eight longitudinal 
linos, and a multitude of minute transverse folds. Its inferior termina- 
tion becomes suddenly contracted, as though the terminal orifice were 


Fig. 25. 



Ali'youulium ehgan^i Milne-Edwards, Ann. de8 Sc. Nat. l83o, pi. 12. fig. 1). a, foreign 

body to which the polyp ia attached; 6, the hard portion, or coriaceous foot; c, the trunk, or mem- 
branous i)oi*tion of the polypary; rf, polypifiTous ramifications of ditto; c, the soft parts of the 
trunk completely retracted into tin* coriaceous stem; f, yellow 8})ecks indicating th«j ova contained 
in the lower portion of the polypary. 

t 

closed by a sphincter muscle, and communicates -with the wide abdominal 
cavity (t ) thtit occupies the entire diameter of the lower portion of the 
polyp, and is prolonged infoiiorly into the common body of the polypary. 
The calibre of the digestive tube is much smaller than tliat of the 
animal in the centre of which it is suspended ; nevertheless it is firmly 
connected with the parictes of the polyp by the interv’cntion of 
eight delicate membranous lamcllaj derived from its outer surface 
(fig. 20, 1 & 2, /) and extending along its whole length. The position 
of these septa corresponds with the intertentacular spaces ; and as by 
their upper extremities they arc united to the peristomal disk, they 
form the walls of eight longitudinal canals which are uninterruptedly 
(M)ntinnons with the cavities of the corresponding tentaciila (fig. 20, l, y). 
These last-mentioned appendages arc complotel}' hollow, and moreover 
present on each side of their internal cavity a series of ten or twelve 
minute aiierturcs (fig. 20, ^') leading into the marginal pinnules, that ai’e 
of similar structure. 

(127.) Infcriorly, the eight longitudinal intcrseptal canals communi- 
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cate freely with the great abdominal cavity («), and the vertical parti- 
tions whereby they are separated become continuous with the longi- 
tudinal folds (f ) visible in its interior. The longitudinal plicae are 
apparently of the same structure as the vertical septa of which they ai’o 

Fig. 26. 



An&tomy o( Alcjfonidium e/e’.ya/w (after Milne-Eilwarrls). 1. A j>olyp opened longitudinally to 
show its internal organization: a, the tentaeula; 6, mouth; c, alimentary canal; t/, inferior open- 
ing of ditto; upper portion of the abioininal cavity; longitudinal septa jiassing between the 
parietes of the body and the walls of the digestive cavity; continuation of the same into the 
abdominal cavity; «/, canals formed between the septa, whieh are eontinuous with the interior of 
the tcntacula; g\ one of the tentacles opened, showing the holes by whieh its cavity comnitinicatcs 
with those of the marginal pinnules ; h, minute spicula situated at tfu* base of the tentacles ; 
k, filiform appendages to the alimentary tube. 2. Transverse section, showing the inann<'r in 
which the longitudinal plic® are connected with the alimentary tube. 2. Section through the 
basilar portion of the polypary. 

the continuations, only they are narrower, and their inner margin being 
free, they hang loosely in the abdomen of the polyp. On closer inspec- 
tion they seem to he made up of two extremely thin membranous 
layers folded upon each other and continuous with the internal tunic 
that lines the parietes of the body. At the point of continuity the two 
laminae become slightly separated, so 'as to leave a little canal ut the base 
of each fold; while superiorly, close to the termination of the stomach, 
there is a remarkable filiform and very flexuous organ (fig. 20, 1, 1c), 
apparently an appendage to the alimentary cavity. 

(128.) As has been stated above, the common polypary consists of 
two portions differing widely from each other in texture, forming tho 
trunk and the foot. By dissection it becomes immediately apparent 
that the softer portion, named the trunk, is made up of membranous 
tubes disposed longitudinally parallel to each other, and so closely con- 
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ncctod together that it is difficult to separate them. ' The foot of the 
polypary is essentially nothing more than a continuation of these same 
tubes modified in structure ; those situated near the centre of the stem 
have their walls only slightly thickened ; but those placed near the 
periphery acquire a more solid consistence, from having their parietes 
incrusted With innumerable fusiform spicula composed of carbonate of 
lime imbedded. in a cartilaginous substance ; these are arranged longitu- 
dinally (fig. 26, 3), and give to the stem its solidity and peculiar aspect. 
Near the circumference of this portion of the polypary longitudinal 
fibres arc perceptible, which appear to be the remains of tubes atrophied 
by compression (fig. 27, 3, a). 

(129.) The tubes thus united in fasciculi are evidently analogous to 
the cavities into which the polyps of Alcyons, Corals, &c., are retracted ; 
these have generally received the name of polypiferous cells and 
some authors consider them as being quite distinct from the animals 
inhabiting them : in the zoophyte under consideration, however, a very 
superficial examination is sufficient to prove that they are really merely 
continuations of the bodies of the pol}q)s themselves, no line of demar- 
cation being distinguishable between them. It is not, therefore, into 
polypiferous cells that those little flower-like creatures retije, but be- 
come retracted into their own bodies by a species of invagination ; and 
the entire poljq^ary which seems to afford them lodging is nothing but a 
mass formed by the aggregated tubes of all tlifo polyps belonging to it. 

(1«‘30.) It appears to be pretty generally admitted that among the 
aggregated polyps nutritive materials swallowed by one individual goes 
to the sustenance of the general community — an opinion seemingly 
based upon observations made upon certain Scrtularian species : but 
that a similar community of nutrition exists in the Akifonidiv re- 
mained, prior to the researches of Milne-Edwards, an unsolved 
question ; neither was anything known precisely as to the relation- 
ship existing between these aggregated beings ; or, even admitting, from 
analogy, the most intimate union, it was difficult to conceive how 
nutritive matters were conveyed from one polyp to another, whether 
by simple imbibition or in any other manner. 

(131.) In order to solve these questions so far as relates to the Al- 
cyonidium under consideration, Milne-Edwards, by means of a small 
glass tube having its end drawn out fine in the flame of a lamp, in- 
jected a coloured fluid into the abdominal cavity of one of the polyps, 
and found that the injection immediately passed into the abdominal 
cavities of the poly])S around ; consequently the nutritive substances 
swallowed by any individual can be distributed among the different 
members of these remarkable colonies, so that food taken by one 
may nourish the neighbouring animals. 

(132.) On cutting one of these poljq)s open under a magnifying 
glass, it is easy to explain how this intercommunication is effected : it 
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then becomes apparent that some of tlio animals, as described above, 
terminate in tubular prolongations, whereof the general subst{uic<‘ ot 
the pol5T)ary seems to be made up; others, however, sprouting im- 
mediately from the parietes of the former, have their internal ca^’ity 
continuous with that of the larger central polyp, so that a free com- 
munication is kept up between them (fig. 27, 1), the whole forming a 


Fig. 27. 



Anatomy of Alcyonidium eleyans (after Milne-EdwardB). 1. On(' of Iho branchrs of tiu* 
polypary op»’nfd to show the communication which exiata between the abdominal ca^nty of the 
principal polyp and the interior of the young ones sprouting therefrom : the apertures, it will he 
obsened, are always in the track of the longitudinal ovarian folds. 2. Lower portion of an 
ovarian fold detached from the walls of the abdominal cavity to show the manner in whieli the 
ovules or gemmffi are developed. 3. A portion of the foot, or basilar j)ortion of the polyjmry : 
(i, membranous tubes ; b, spicula incrusting this portion of thc> polypar}'. 4. A spiculuin magnifled. 


sort of ramified tube, or an animal having one body and one central 
stomach, hut furnished with many heads and as many mouths. 

(133.) The development of these secondary polj^is is effected by a 
simple process of gemmation. A tubercle makes its appearance upon 
the surface of the primary animal, which looks at first like a little 
caecum appended to the integument, having no oral aperture, but com- 
municating freely, by means of its central canal, with the abdominal 
cavity of its parent. When arrived at a more advanced stage of de- 
velopment, the tentacula make their appearance and the alimentary 
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cfinul becomes disiln^uishablc, so that the young animal soon exhibits 
an exact n^pnisentative of the original from which it spnmg. 

(134.) Ihit lici o it is necessary to observe that this kind of vege- 
tation does not take place indiscriminately from any portion of the 
teguraentary surface of the polyp. The reproductive gemmae arc only 
formed immediately over the track of one of the eight longitudinal 
membranous lamellae above noticed (fig. 27, 1), so that the apertures of 
communication between the newly formed polyps and the original are 
always so placed as to interrupt the course of one of these folds. 

(135.) It is not, however, only by the development of buds that the 
reproduction of the Alcyonidium is effected. These animals likewise 
produce ovules or gemmulcs adapted to spread to a distance their 
sedentary race ; and it is worthy of remark that the same organlffrom 
which the gemmae above described derive their origin, perform the 
functions of the ovaria of higher animals. 

(136.) It is in the longitudinal membranous folds above described 
that the reproductive gemmules are developed (fig. 27, 2), which, as 
they increase in size, become pedunculated, and ultimately fall off into 
the abdominal cavity, whence they easily escape through the mouth of 
the polyp. ^ 

(137.) The intestiniform convoluted organs, (fig. 26, 1, h), situated 
beneath the alimentary cavity, are, from whau has been stated above, 
evidently not the ovaria, seeing that the ova arc formed clsev. here ; 
neither, from the simplicity of the structure of the reproductive ap- 
paratus, ran they bo regarded as male organs destined to fertilize the 
ova ; so that, upon the whole, it seems most probable that they repre- 
sent hepatic vessels. 

(138.) When tluipolj'ps are expanded, their mouths are frequently 
seen to dilate and take in the surrounding water, wliioh, together with 
such alimentary substances as may be suspended in it, penetrates into 
the digestive canal, and through this passes into the general cavity of 
the abdomen, whence again it mounts up into the tcntacula through 
the eight canals that surround the alimentaiy tube. It results from 
this arrangement, that the thin and variously folded membrane com- 
posing the bodies of these animals is bathed throughout 'udili the 
water required for respiration, and that all its internal surface is 
placed in contact with the nutritive matters more or less elaborated 
in the stomach. 

(139.) On seeing the same animal producing sometimes buds or 
gommee, and sometimes ova, Milne-Edwards was led to inquire into 
the cause of this difference, which he believes to be of a mechanical 
nature. In those parts of the poljq) which are not yet imprisoned in 
the growing mass of the polypary, reproduction is generally effected by 
the development of external buds, while towards the base of the 
polypary, where the constituent zoopliytes arc intimately united to- 
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gether by their outer surface, and are surrounded by a sort of .slo'alli, 
no external buds are formed, but the ovules make tlieir escape into tlio 
internal cavity of their parent. IIciicc the distinguished zoologist 
whose memoir wo quote is led to infer that, on the one hand, tlie 
mechanical obstacles to be encountered, and, on the other, the excite- 
ment occasioned by the contact of the surrounding element determine 
this difference of procedure, and that the membrane which performs 
the functions of an ovary produces indifferently either ova or gemnne, 
according as it finds less resistance or is more stimulated upon the in- 
side or the outside of the abdominal walls. 

(140.) From the above details it becomes easy to explain how a 
single polyp by its reproductive powers can form the complicated mass 
of tBb compound polypary of the Alcyonidm, ns well as the means 
whereby an organic continuity is established between all the individuals 
of the community ; also how the abdominal cavity of the primitive 
zoophyte becomes common to aU the young ones that sprout from it ; 
in short, how the little beings thus united together rather resemble a 
multiple animal than an assemblage of distinct individuals. But Anth 
the advance of age this intimate union gradually ceases. The com- 
munication between the abdominal cavities of the difterent polyi)s, 
whose basal portions reach as far as the foot of the pol 3 q)ar 3 % is first 
of all interrupted by the ova with which the lower part of these 
cavities becomes filled (fig. 26, 3) ; and subsequently, by the i)ressure of 
the surrounding parts, the wall becomes confused, and all communica- 
tion between the pohq) whose abdominal tube is thus obliterated and 
the polyp from which it sprung is intercepted. The polypary, instead 
of resembling a tree, all the flowei’s of which hold together and com- 
municate by common parts, may now be compared to a bouquet made 
by cutting off the more or less branched twigs of a plant and collecting 
them in a bundle. The different groups of polyps united in the same 
polypary become thus independent of the neighbouring gnnips, and, 
as may i-eadily be conceived, in time each polyp can become indi- 
vidualized. 

(141.) In the Alcyons properly so called, a vascular system is very 
distinctly developed ; and in Ahyonium sfellntimi more especially, Af. 
Milne-Edwards was able to study it with facility. In this species 
(fig. 28, 1) he was enabled to deteef, upon the parictes of the abdominal 
cavity of the polyp, a variable number of minute apertures irregularlv 
dispersed, which are in immediate communication with a system of 
capillary canals that traverse in all directions the spongy portion of 
the polypary, ibrmed by the external tunic of its component animals ; 
for in Ahyonium it is very easily seen that while the internal tunic 
lines the abdominal cavity of the polyp, the external layer, instead of 
being confounded with the former, as in the protractile portion of the 
animal, becomes perfectly distinct from it where it begins to enter into 
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the composition of the polypary, at which point its thickness is con- 
siderably augmented, its texture spongoid, and in its substance are de- 
posited a number of irregular crystals, composed of carbonate of lime 
mixed with a little colouring matter. In the tegumentary mass thus 
formed the vascular canals ramify, anastomosing freely among them- 
selves, so as to constitute a vascular network. These vessels are formed 
of very atteipiatcd membrane of a yellowish colour, which is continuous 
with the internal tunic of the polyps, and is perfectly distinguishable 
from the dense tissue with which it is surrounded. The distribution 
of these canals is best displayed by cutting a thin slice of the mass of 

Fig. 28. 
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the Alcyon, and removing tlie crystals with which it is filled by im- 
mersion in some dUuto acid ; it is then seen that the canals arc most 
numerous and of the largest size towards the extremities of the branches 
of the polypary, and that they establish fixMiucnt communications be- 
tween the abdominal cavities ol the different polyps of the Alcyon. 
The fluids with which their bodies arc filled must thus necessarily 
circulate in the entire mass of the polypary ; and if each of the polyps 
has, on the one hand, an individual sensibility and a distinct digestive 
cavity, on the other there is a vascular system common to them all. 

(142.) The Alcyons, like the Alcyonidcs, are reproduced by ova, 
which are formed in membranous ovaria of precisely similar constnic- 
tion ; and also by gemma), which are developed around the pre-existent 
polyps, and thus augment indefinitely the number of individuals united 
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upon one stock. There is, however, a very important difference ob- 
servable between these two genera of zoophytes, in other respects so 
similar. In tlie Alcyons the abdominal cavity of the young polyi)s is 
not directly continuous with the abdominal cavity of their parent, and 
it is only by the intermedium of the vascular system, described above, 
that they are placed in communication with each other — a modification 
which depends upon a difference in the mode of formation of the repro- 
ductive gemmoe. AMien an Alcyon stock is about to put forth a new 
branch, the spongy part of the polj’pary (that portion which is formed 
b)’ the external tunic of the pol)*ps, and penneated by the vascular 
network) begins to increase in size at some determinate point of its 
])eni)hcry, and soon produces a tubercle of greater or smaller size, into 
which the vessels spoken of above arc continued, and form numerous 
anastomoses with each other. At this early period of development the 
new branch presents no trace of polyps ; but its vascular tissue is never- 
theless already studded with calcareous crystals, and exactly resembles 
that situated in other parts of the common mass, between the abdominal 
earities of the adult poly 2 )s ; it must therefore necessarily be traversed 
by the currents wliich circulate in the genei’al vascular system. On 
dissecting of these newly formed brunches, the \'cstiges of young 
polyps may be distinguished; and if the sprouts examined are still 
further advanced, it is easy to distinguish the young animals within, 
already possessing the form they will afterwards exhibit, but having 
not yet established a communication with the exterior (fig. 28, i). At 
length, however, this communication is effected ; the newly formed polyp 
only differs from the pre-existing ones in its small size ; and as it grows, 
its increase causes the enlargement of the polypary. In this case it is 
very evident that the part which gives birth to the reproductive gemmcc 
is no portion of the individual polyps of the Alcyon, but is common 
to them all. The generative tissue surrounds these little beings with 
a sort of living sheath, and produces in the interior of its own substance 
new polyps, quite independently of those previously in existence. Those 
polyparies might therefore be compared to a sort of common ovary, the 
products of which arc never completely individualized, but remain per- 
manently lodged in its substance, and minister to the support of its 
existence and the aggrandizement of its tissue. 

(143.) This singular mode of reproduction, M. Milne-Edwards ob- 
scrv'cs, seems at first sight to be very different from that observed in 
the Alcyonidium; but on reflection, a considerable analogy may bo 
traced between them. In Alctjonidium the internal tunic of the ab- 
dominal cavity fulfils the functions of an ovary, and produces at deter- 
minate points both gemrasB and ova; in Alcyon, on the contrary, 
while the internal membranous layer gives birth to ova, the gemmoe arc 
developed elsewhere, from the canals which permeate the common mass. 
But the membrane which forms these canals, and which is the seat of 
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this kind of vegetative reproduction, is merely a continuation of the 
internal tunic ; and hence it is easy to understand how it may fulfil 
analogous functions. 

(144.) Madbepobidjs. — Were we to imagine one of the Alcyonidae 
capable of secreting not merely the calcareous spicula that are mixed 
up with the softer portions of its body, but abundant quantities of car- 
bonate of lin^e, which, being stored up in the centre of its substance, 
should form a dense calcareous axis incrusted with the uncalcified part 
of the living animal, and perforated at its surface so as to form innu- 
merable cells or lodges adapted to contain the polyps that provide 
nourishment for tlic common mass, we should have a good general idea 
of the structure of the tribe of polyps that next comes beneath our notice. 

(145.) The shallower parts of the tropical seas contain countless 
forms of madrepores, know'ii to us, unfortunately but too often, only by 
detached fragments of the earthy skeletons which the beauty of their 
appearance induces the mariner to bring to our shores. These calca- 
reous masses generally assume more or less an arborescent appearance, 
spreading to a considerable extent, so as to cover the bottom of large 
tracts of the ocean, and not unfrequently they play an important part 
in producing geological changes, which are continually witi^ssed in the 
regions where they are abundant. 

(140.) In the hot climates in which the saxigenous corals aboimd, 
they arc found to frequent shallow bays and sheltered spots, where they 
can enjoy the full influences of light and aA', unexposed to the agitation 
of the ocean, w’hich, were it to beat continually upon them, would in- 
fallibly destroy their delicate substance : in such situations, the sub- 
mjirinc rocks become gradually incrusted wdth the calcareous skeletons 
W’hich they produce ; and if undisturbed, in the lapse of years successive 
generations will of course deposit such largo quantities of calcareous 
matter as to form beds of considerable thickness. That there are at the 
bottom of the ocean bold and precipitous clitfs, rising from a depth of 
3 000 or 1 200 feet, their broad to 2 )s approximating the surface of the 
ocean, every one will admit, without haring recourse to the labours of 
madrepores to account for their formation, although the sheltered por- 
tions of the summits of such mountain-ridges afford an eligible position 
for their increase. In such situations, therefore, they accumulate, and 
slowly deposit continually increasing masses of earth upon the brow of 
these submarine mountains, until at last the pile approaches the sur- 
face of the sea, and even, at low water, remains uncovered by the waves. 
The further elevation of the rock, as far as the polyps are concerned in 
its construction, here ceases ; but a variety of causes tend gradually to 
heap materials upon the newly appearing Island : storms, which tear up 
the bottom of the sea, perpetually throw to the surface sand and mud, 
w^hich becoming entangled among the madrei)ores, and matted together 
with sea-weed, forms a solid bed over which the waves have no longer 
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any power. Tlie circumference of the islet is perpetually augmented hy 
the same agency : sea-weeds and vegetable substances cast upon it, by 
their decay cover its top with vegetable mould ; and if its proximity to 
other land permit the united action of winds and currents to bring the 
germs of vegetation from neighbouring coasts, they take root in the 
fresh soil, and soon clothe with verdure a domain thus rescued from 
the ocean. • 

(147.) CoRAiLiDJE.— The Corallidm arc compound polyps of appa- 
rently more perfect organization than those forming the last family. 
The polypary or central axis, which supports the external or living crust, 
is solid, without cells, and variously branched, — the larger species re- 
sembling shrubs of great beauty, frequently coloured with lovely hues, 
and studded over their whole surface with living flowers ; for such the 
polyps which nourish them were long considered even by scientific ob- 
servers. The central stem of these 
zoophytes diflfers much in its com- 
position in clifTcrent families, some- 
times being of stony hardness ; in 
other cases it is soft and flexible, 
resembling « horn ; and not unfre- 
qiicntly it is formed of both kinds of 
material : it is, however, always pro- 
duced by the living cortex, which se- 
cretes it in concentric layers, the ex- 
ternal being the last deposited. 

(148.) The example winch we 
shall select for special description is 
the coral of commerce, CoraUmm 
ruhrum (fig. 20), from which W'c de- 
rive the material so much prized in 
the manufacture of ornaments. 

(149.) Tlic red coral is principally obtained in the lifeditc^rranean. 
Wlicn growing at the bottom of the sea, it consists of small branched 
stems, incrusted Avith a soft living investment, by which the central 
axis is secreted, and studded at intervals with polyps possessing eight 
fringed arms, and capable of being contracted into colls contained in the 
fleshy covering, but not penetrating the stem itself. The skeleton or 
polypary of the coral is of extreme hardness, and susceptible of a high 
polish — a circumstance to which the estimation in which it is held is 
principally owing. But in other genera of this family, the central 
axis, instead of being constructed of calcareous matter, is fonned of 
concrete albumen, and resembles horn both in appearance and flexi- 
bility ; such arc the Gorgonim of the Indian Ocean. In the Isis 
puris (fig. 30, b) the central axis is alternately composed of both these 
substances, exhibiting calcareous masses united at intervals by a flexible 
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material, allowing tho stem to bend freely in every direction. Tbc ob- 
ject of such diversity in the texture of the polypary of the Corallidsc 
will be at once apparent when 

wo consider the habits of the ®'ig- 30. 

different species. The short and 
stunted trunks of Cordllium, 
composed of^hard and brittle 
substance, are strong enough to 
resist injuries to which they 
are exposed; but in the tall 
and slender stems of Gorgonia 
and /st«,such brittleness would 
render them quite inadequate 
to occupy the situations in 
which they arc found, and the 
weight of the waves falling 
upon their branches would 
continually break in i)icces 
and destroy them ; this simple 
modification, therefore, of the 
nature of the secretions with 
which they build up the skele- 
ton which supports them al- , 

, i.1 A 1 1 tranaverso section of Gorqmui terrucom. 

lows tnem to bend under the n, lonj^itucUnulBertion of exlubiting 
passing waves, and secures the skeleton ami fleshy crust. 

them from otherwise inevitable destruction. 

(150.) Upon making a transverse section of one of these polyparies 
(fig. 80, a), the solid axis is distinctly seen to be made up of layers 
arranged in a somewhat undulating manner around the centre, and 
successively deposited by the living cortex ; the growth of the stem, in 
the harder species at least, is very slow, and several years are neces- 
saiy to its maturity, — a circumstance which has rendered it needful to 
impose strict laws forbidding the Mediterranean coral-fishers to disturb 
too frecpiently the same localities, which are only visited at stated 
periods. 

(151.) The deposition of solid matter in the soft bodies of these polyps 
is not confined to the production of the central stem, but in many even 
of the Keratopbyta* cretaceous particles arc extensively diffused through 
the cortex, which not unfroquently is likewise goigeously coloured by 
secretions of different hues. In the Gorgonia), a section of one of which 
(Goryonia verrucosa) is represented in fig. 80, a, the earthy matter in 
the crust is so abundant, that even when dri('d it Avill retain in some 
measure its natural form, and exhibit the tints peculiar to the species. 

* An old name for polyi)s with a horny axis horn; <pvr6v, a Htem), as 

distinguishing^ tlicm from the stony polyps — Liihophyfa (\(0os, a stone ; ^vrov). 




70 


ANTIIOZOA. 


(152.) The strueturo of the individual polyps of the Corallidic resem- 
bles that of one of the polyps of the Alcyonida) already described ; and 
the prey obtained by each goes to the support of the general mass. 
Their reproduction is undoubtedly from genus developed in internal 
filamentary ovaria, which escape either through the mouth, as in 
Aleyonium, or else, as Cavolini* supposed, through apertures placed be- 
tween the origins of the tentacles. 

(163.) Pennatultd^. — This fa- Fig. 31. 

mily belongs likewise to the divi- 
sion of cortical polyps, and agrees 
.■with the two last in most points, ( \ 
the principal distinction consisting ' 

in the character of the internal 
axis which supports the body. In 
some species this paid is reduced 
to a ligamentous mass, inter- 
spersed with calcareous gi’anules ; 
but in the most typiciil forms the 

skeleton consists of sovenil pieces, }; 

capable of moving upon <?ach other. 

The whole animal in such cases 

resembles a feather, the stem sup- m^wyj/J 

porting lateral branches, upon ‘ 

which the pol}*ps are arranged. 

From the circumstance of these mljllHiM 

compound animals being unat- W* 

tached to any foreign support, they 1/ jW 

have been supposed to be capable / V , 

of swimming at large in the sea, m f 

by the voluntary movements of Mi m 

their articulated branches — a fact f j M 

strongly contested by many mo- 
dem zoologists ; but as wo can siiy f^r 

nothing from our oAvn obsert-ation 
upon this subject, we must leave 

the question open to future investigation. Many species are eminently 
phosphoric. 

(154.) TuBiPORiDiE. — ^Wc have now to speak of a class of polyps very 
different in their construction from those Avhich have been described. 
Instead of incrusting an internal solid skeleton, the Tubipondoc are 
enclosed in a calcareous or coriaceous sheath ot tube, from the orifice of 
which the poljq) is protruded when in search of prey : these arc named 
by authors Vay mated Polyps, 

* Cavolini (Filippo), Memorie per eervire alia storiu clei Polipi marini. 4to. Na- 
ples, 1785. 
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( 155 .) The Tuhvpnm musica (lijj;. B 2 , a) in the species which has been 
most carefully siudied ; and the details connected with its organization 
will be found of the highest importance, as affording a clue to the in- 
vestigation of other forms, to be mentioned hereafter. The Tubiporaj 
live in society, but do not appear to be organically united as the com- 
pound polyps are. A group of these animals presents several stages of 
tubes, placed one above another (fig. 32 , a ) : the tubes are generally 
straight, anJ nearly parallel to each other, but appear slightly to di- 
verge as radiating from a common centre ; they are separated by con- 
siderable intervals, and reciprocally support each other by horizontal 
laminae of the same substance as the tubes themselves, which unite 
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Tnhijwa luimea. n, ti Ri'wral of tuln‘8, 

ft, an jBolutfil ; o, polyp oxpauilotl. 

them. From each tube a pol}*}) is protruded, of a biilliant grass-green 
colour, sometimes of a lilac or rose tint, the mouth being siirrimnded bjr 
eight tentacles, which are furnished along tlicir edges w ith tw'o or thiee 
row^s of minute fioshy papillm. 

( 15 (>.) The visceral cavity is long, tiibuhu*, and contains eight 1 es 13- 
lamellm (fig. 33 , 1, e). Tliese lamella) aid, by their muscles, both m the 
contraction and expansion of tHe polyp. 'Ihc stomach is veiy sioit 
compared with the 'whole length of the visceral cavit}', and, us* in t le 
Alcyonium figured above, is connected with the sides of the cavity by 
the visceral lamella). 

3 ix of tlicsc lamella), in a specimen examined by Dana, were sper- 
matic, being bordered below bj" a white convoluted cord, wdiile tbo other 
tw^o gave origin to large 01118101*8 of milk- w hite ovules, w'hieh occupied 
nearly the whole diameter of the cavity. These ovules w'crc of various 
sizes, and spherical in shape, or nearly so. Some ohseiTcrs have found 
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all tholamellflc bordered with white filaments ; and others describe tbem 
as all bearing clustei-s of ovules. In these instances it would seem tiiat 
the sexes are distinct, in one case the animal Ix'ing male, in the oUkt 
female. The ovules have been seen to esea])e by tlie mouth ; and this 
therefore appears to bo the general mode in aU the Actinoid polyps. 

(157.) At the point 
where the ovigerous la- 
minoB reach the tentacles 
a memb]^e is observable, 
which assumes the shape 
of a funnel when the ani- 
mal retires into its shell ; 
and at the open end of the 
funnel the membrane is 
seen to fold outwards and 
become continuous with 
the calcareous tube (fig. 33, 

1, b) ; its inner surface, in- 
deed, is prolonged under 
the form of a tliin pellicle 
over all tha? part of the 
interior of the tube which 
is inhabited by the pol}*!), 
terminating at a kind of 
diaphragm composed of 
the same hard substance 
as the tube itself. The 
remains of these dia- 
phragms arc found in the 
interior of old tubes at va- 
rious distances from each 
other. 

(158.) The funnel-shaped membrane docs not terminate suddenly 
at its point of jimction with the calcareous tube ; the latter, indciccl, 
is a continuation and product of the first, the calcareous substance 
being evidently deposited in this gelatinous membrane in the same 
manner as phosphate of lime is deposited in the bones of very young 
animals, changing its soft texture into hard, solid substance. The 
manner therefore in which this tube is formed cannot bo compared 



Anatomy of Tuhiporn. 1. u, Pc^yppartially ; 

A, il<*xi])le extremity of tlu* e, o\i>'rn)U8 lamina?; 

/, caU-areouB portion of tin* tuhe. 2. ft. Kxpnmli il rxlnonity 
of tin* tulin, still unnilcillfd ; r, polyp n-triK tcd ; iufli H t-d 
niondmine rmbrivcin^ tin* in-t-k of tin* i)nlyp. Ovarian 
lamina drtachrd. 4. U<*vc‘lopnn‘nt of young : «, horizontal 
stag*? ; ft, c, growing offspring. 


to the mode of foimation of the shells of mollusca : in the latter vaisc it 
is a secretion from the skin, an epidermic product ; hut in those poly- 
paries there is a real change of soft into solid substance, which is 
effected gradually, hut not dciiosited in layers. 

(159.) When the tube has acquired a certain height, the animal 
forms the (‘alcarcous horizontal plate which unites it to those around ; 
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tho still racmbraiious upper part of tho tube extends itself horizon- 
tally outwards m ound llie aperture (fig. 33, 2, />), doubling itself so as 
to form a circular fold: this part of tho membrane is no longer 
irritable ; its intemal surfaces unite, so as not to interrupt the con- 
tinuity of the tube ; carbonate of Hme is gradually deposited within it ; 
and soon a prominent partition, composed of two lamellie, soldered 
togetlier thi’oiigh almost their entire extent, surrounds the tubular 
cell. Generally' many polyps of tho same polypary form these par- 
titions at tho same time and upon tho same plane. In this case the 
gelatinous margins of the folded membrane unite, no space is left, 
and they ultimately become most intimately soldered together, and the * 
solid plane or stage (fig. 32) is formed. If the animal construct its 
partition against a tube already perfect and solidified, it fixes its collar 
to its sides, so that tho point of junction is imperceptible ; but when 
it is quite insulated, as at &, fig. 32, the horizontal collar is still formed, 
and it then assumes somewhat of an octagonal shape. The tube-form- 
ing membrano exhibits no appearance of vessels or other traces of 
organization. ^ 

(100.) "When tho polyp is withdrawn within its cell, its tentacles 
form a cylindrical fasciculus (fig. 33, 2, c), tlio papillae w^hi(^ partially 
cover them being laid upon each other like the leaflets of some Mhmsce 
■wlicn asleep. i 

(IGl.) The protrusion of tho creature from its tube is accomplished 
by tho contraction of tho membrane, b, inserted into its neck. 

(1G2.) The germs, duiAng the first period of their development, have 
no organs dlstinguishablo, not even the rudiment of a tube ; each ap- 
pears to coiisist of a simple gelatinous membrane folded upon itself 
(fig. 33, 4, c), and fonniug upon the stage upon wdiich it is fixed a 
little tubercle resembling a small Zoanthiis or other naked zoophyte. 
This tubercle gradually elongates, and assumes the form of a polyp, 
provided with all its organs ; but the sac which encloses it is still 
gelatinous at its upper part and membranous near the base (fig. 33, 4, &), 
where it gradually diminishes in thickness, and, becoming calcareous, 
gives to the animal tho general appearance of its original. 

(1 63.) An extensive and important group of the Axtfiozo.v, from the 
fibrous character which tho substance of their bodies tussumes, have 
been named by zoologists Fleshy Polyps ; ” nevertheless, although the 
genera composing this division are exceedingly numerous, and vary 
much in their external characters, they will be found to conform, in 
tho essential points of their organization, with tho (forals above de- 
scribed. Tho subject wo have selected as the type of these beautiful 
zoophytes is a well-known Actinia y which being common upon our 
own coasts, the reader will have little difficulty in procuring specimens 
for examination, or for preservation in a marine aquarium, of which 
they will form conspicuous ornaments. 
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(164.) The hotly of an Aetinia, when nio<h‘rjit('ly exi)uiule(l (li^. ;M), 
is a lleshy cvlinder. gononilly found attaehed l)v out* extrt'inity to a 
rock, or some other suh- 
niarine suppoi’t, whilst the 
opposite end is surmount- 
ed by numerous tentaeiila 
arrangtxl in several rows 
around tlie oral apertuiv 
(tig. 35). When these ten- 
taeiila are expanded, they 
‘ give the animal the appear- 
ance of a flower, the deet'p- 
tion being rendered more 
striking by the laviutiful 
colours they not unfre- 
quently assume ; and hence, 
in all countries, these or- 
ganisms have been looked 
upon by the vulgar as sea- 
flowers, ai^d distinguished by 
names indicative of the fan- 
cied resemblance. Tlieir ani- 
mal nature is, however, soon 
rendered erident by a little 
attention to their habits. 

When expanded at the bot- 
tom of the shallow pools of 
salt water left by the re- 
treating tide, they arc seen 
to manifest a degree of sen- 
sibility, and power of spon- 
taneous movement, such as 
we should little anticipate 
from their general aspect. 

A cloud veiling the sun will cau.se their t(‘ntach‘s to fold, ns though 
apprebenmv of danger from the passing .shadows ; contact, how('ver 
slight, will make them shrink from the touch ; and if rudely //.s.saiied, 
they completely contract their bodie.s, so a.s to take the appearance of a 
bard coriaceous mass, scarcely distinguishable from the substance to 
which they are attached. 

(165.) It is in seizing and devouring their prey, however, that the 
habits of the Actiniae arc best exemplified. They will remain for hours 
with their arms fully expanded and motionless, w^aiting for any parsing 
animal that chance may place at their disposal, and when the oppor- 
tunity arrives arc not a little remarkable for their voracity and for their 
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capability of (ItJ-stroying their victims. Their food generally consists of 
cni))s or shell-fisli, animals apj){ircntly far superior to themselves in 
strength and activity ; hut even these are easily overpowered by the 
sluggish yet persc'vering grasp of their assailant. No sooner arc the 
tentacles touched by a passing animal than it is seized, and held with 
unfailing pertinacity; the arms gradually close around it ; the mouth, 
placed in the f cut re of the disk, expands to an extraordinary size ; and 
the; (ii’eature is soon engulfed in the digestive bag of the Actinia, where 
the solution of all its soft parts is rajndly effected, the hard undigestible 
]’eiiinants being subsequently cast out at the same orifice. 

(lot).) The Actinia} possess the power of changing their position: 
they often elongate their bodies, and, remaining fixed by the base, 
stretch from side to side, as if seeking food at a distance : they can 
oven change their place by gliding upon the disk that supports them, or 
detaching themselves entirely, and swelling themselves with water; they 
become nearly of the same specific gravity jis the element they inhabit, 
and the least agitation is sufficient to drive them elsewhere. Vilien they 
wish to fix themselves, they expel the water from their distended body, 
and, sinking to the bottom, attach themselves again by the disk at their 
base, which forms a powerful sucker. ^ 

(167.) From the above sketch of the outward form and general 
habits of these polyps, the reader will be prepared to examine their in- 
ternal economy and the more minute details of their structure. On 
examining attentively the external surface of the body, it is seen to be 
covered wth a thick mucous layer resembling a soft epidermis, which, 
extending over the tontacula, and the fold around the aperture of the 
mouth, is found to coat the surface of the stomach itself : this epidermic 
secretion forms, in Jact, a deciduous tunic, that the creature can throw 
off at intervals. On removing this, tho substance of the animal is found 
to be made up of fasciculi of muscular fibres, some running perpen- 
dicularly upwards towards the tentacula, while others, which cross the 
former at right angles, pass transversely round the body ; tho meshes 
foraicd by this interlacement are occupied by a multitude of granules, 
apparently of a glandular nature, giving the integument a tuberculated 
aspect : these granules arc not seen upon tho sucking-disk at the base. 
The tentacula arc hollow tubes, composed of fibres of the same descrip- 
tion. The stomach is a delicate folded membrane, forming a simple 
bag within the body ; it seems to be merely an extension of the ex- 
ternal tegument, somewhat modificxi in texture. 

(168.) On making a section of tho animal, as represented in fig. 36, 
the arrangement of these parts is distinctly seen, a being the muscular 
integument ; h, the tentacula, formed by the same fibrous membrane ; 
and c, tho stomach. Between the digestive sac, r, and the fibrous ex- 
terior of the body, a, is a considerable space, d, divided, by a great 
number of perpendicular fibrous partitions, /, into numerous compart- 
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mcTits, which, however, commuiiiciito freely with each other uiul like- 
wise with the interior of 
the tentaciila, as seen at 
e. Every tentacle is per- 
forated at its extremity 
by a minute aperture, 
whereby the sea-water is 
freely admitted into these 
compartments, so as to 
bathe the inteiior of tlie 
body; and when, from 
alarm, the animal con- 
tracts itself, the water so 
admitted is forcibly ex- 
pelled in fine jets through 
the holes by which it 
entered. There can be no 
doubt that the surround- 
ing fluid, thus copiously 
taken int<^ the body, is 
the medium by which 
respiration is effected ; 
and every one who has 
been in the habit of keep- SiH-tion of .dr/oiirt. 

ing Actiniae in glass-vessels for the purpose of watching their proceed- 
ings must have noticed that, as the fluid in which they arc confined 
becomes less respirable, from the deficiency of air, the quantity imbibed 
is enormous, stretching the animal until it rather rocemblcs an inflated 
bladder than its original shape. 

(169.) It is in the compartments thus (at the will of the creature) 
distended with water that we find the organs of reproduction, which 
here assiune a development far exceeding wliat we have notic(;d in 
other zoophj'tes. On raising a portion of the membrane forming the 
stomach, as at /, we see lodged in each partition an immense number 
of granular corpuscles attached to a delicate trans})arent membran(‘, and 
arranged in large clusters, r/. The^ ovigerous membrane that secretes 
these corpuscles is represented unravelled at 7i ; it is through its whole 
extent bathed udth water admitted into the compartment whenun it 
is lodged — a circumstance which pro\'idcs for the respiration of the em- 
biyos during their development. 

(170.) AVc learn from the rcsearchc.H of MM. Kblliker and Erdl 
that the Actiniai arc bisexual, and that the male and ftnnalc organs are 
allotted to different individuals, the testes of the male and the ovaria 
of lh(; female being so similar in their stmeture and appearances that 
the difference between them is only appreciable with tlie microscope. 


Fig. ao. 
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In Ixjtli sexes the Topro(lii(;tivc apparatus consists of riband-liko convo- 
lutions atluflied ])y delicate membranous folds to the free margins of 
the so])ta, iind lillcd witli multitudes of the granular-looking bodies 
above mentioned, Avhieh in the fem.alcs arc the ova, in the males the 
s])(Tinatic (•apsules. In ncatlier sex is tliere any excretory duct ; so that 
the eggs, wlu^n mature, must escape immediately into the general cavity 
of th(i l)ody by bursting through the delicate membranous envelope in 
whitth tlu^y are enclosed. The whole exterior of the organ is densely 
ciliated. 

AVhen examined under the microscope, the granules extracted from 
th(dr investment arc found, in the male, to contain immense numbers of 
caudate and very active spermatozooids, — while those of the female are 
real ova, of splierical shape, and furnished with a distinct yelk and 
germinal vesicl(\ 

(171.) It is during the months of August and September that the 
generative system of our native s^jecics is in full activity and dcvclop- 
memt. The o\uim, it would seem, when arrived at maturity, breaks loose 
from the ovarian nidus ; and as the number of males in a given locality is 
pretty nearly the same as that of the females, and they are always more 
or less found in company notwithstanding their sedentary^abits, the 
eggs of the female would seem to be impregnated by the seminal fluid 
of the other sex, diffused through the surrounding water. 

(172.) In Cerianthus memhranaceuSf however, a complete hermaphro- 
ditism exists, aU the convolutions of the reproductive ribands being 
equally supplied with both the male and female elements of generation, 
in the shape of minute capsules, some of which enclose an ovule, whilst 
the others arc fiUed with spermatozoa. These two kinds of capsules 
arc scattered promiscuously, without any regular order, but always so 
that the ovigerous and spermatogenous organs are closely in contact. 
The ovules on quitting their ovarian nidus fall into the general pen- 
visceral cavity, whore they may be found of a spherical or oblong shape, 
and each presenting a distinct Purkinjean vesicle. The act of fecun- 
dation in this case appears to take place in the ovarian lamina), and 
probably by the nipturo of the delicate walls which circumscribe the 
contents of the male and female capsules. The eggs found in the 
ovaria arc round and of a yellow^colour, resembling minute grains of 
sand, and densely ciliated. There exists a considerable opening in the 
base of the stomach, whereby a free communication is established 
between the intei’soptal spaces and the general abdominal reservoir, 
through which the young Actinia) are expelled in a very advanced state of 
development into the stomach, and from thence pass through the mouth 
into the surrounding ^vator. The smallest germs are semi-opako spherical 
bodies, while the more advanced present every gradation of form from 
the simple sphere up to the complete tcntaculate poljq). The largest arc 
about the size of peas. On section tlioy present appearances similar 
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to those exhibited in the annexed diagrams (fig. 37), iiitciid(‘d to 
illustrate the manner in which the morphoh^gical clianges are brought 
about and the several special or- 
gans of the Actinia unfolded. The 
figures may he tliiis explained : — 

1. Outline of the matiu-e embryo- 
nic corpuscle after the disappear- 
ance of the cilia with which, at 
an earlier stage, it is furnished. 

2, 3, 4. Primary involution of the 
integumentary membrane. 6, 6. 

Ee-induplication of the external 
membrane and formation of a 
stomachal ca'^nty. In the two latter figures may like^vise be seen the 
commencement of the tentacula (n) and ovaiian septa (6), wliich arc 
all formed by the same process of involution*. 

(1 73.) The perigastric spaces of the Actinia) enclose, in adflition to the 
reproductive aj^paratus, abundant convolutions of very remarkable fili- 
form organs of great length and tenuity (fig. 38), concerning the nature of 
which miK^ diversity of opinion still exists. These convoluted tli reads 
have, in fact, no communication whatever with the generative organs ; 
they seem to consist of long, semi-capillary ca?cal tubes, attached by a 
short mcsenteiy’ to the lower margin of the perigastric septa ; and from 




(‘uch of them a cord, slightly larger than the filament from whiclx it is 

* “ Observations on the Anatomy of Actinia,” by T. Spencer Cobbobl, M.D., Annals 
of Nat. Hist, Feb. IH.'}.']. 
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derived, may bo ti’aood iijiwards alonj? the (jorrcsponding septum as far 
as ii little ab()V(i 11 lo inferior termination of the alimentary cavity, and 
then running along the external wall of the stomach as far as the py- 
loric opening. Tlic .structure of the terminal portion as well as that of 
the convoluted filament is tubular, and their office apparently important 
in the ('conomy of the animal : M. do lilainville regards them, mtli 
some probabili^’, as representing the biliary system. 

(174.) The Abbe Dicquemare relates several curious experiments 
on the multi jdication of these animals by mechanical division. When 
transversely divided, the upper portion still stretched out its tentacles 
in search of food, which, on being swallowed, sometimes passed through 
its mutilated body, but was, occasionally retained and digested. In 
about two months, tentacles grew from the cut extremity of the other 
portion, and this soon afterwards began to seize prey. By similar sections 
he even succeeded in making an animal with a mouth at each end. 

(175.) After the account above given of the general stnicturc of 
the Actinia, the mechanism whereby the tentacula are expanded and 
withefrawn will bo easily understood : these do not, like the horns of a 
snail, become inverted and rolled up within the body, but owe their 
different states of extension entirely to the forcd)le injectioj^ of water 
into their interior. We have seen already tl|ht the cavity of each 
tu])ular arm communicates freely with the space intervening between 
the stomach and the extemal integument — a space which, at the will 
of the animal, is filled with .sea- water draw through the onfices placed 
at the extremity of each arm : w^hen those minute orifices arc closed, 
and the body of the creature contracted, the water, being violently 
forced into the tentacula, distends and erects them, as when watching 
for prey ; and, on the other liand, w'hcn emptied of the Iluid thus in- 
jected, they shrink and collapse. This circumstance, so ea.sily seen in 
the Actiniie, -svill likewise (mable us to account for similar phenomena 
o}).sorvaf)le in other polyps, the intcnial economy of which is by no 
means so con.spicuous. 

(170.) On cutting off a portion of one of the arms of an Actinia and 
subjecting it to pressure, it is seen to have, imbedded in the substance 
of its gelatinous parietes, an immense number of minute organs, now 
universally known by the name of JiUferoiis cajJsuJes. These remark- 
jiblc structures, which are found to exist very extensively tlyoughout 
the entire group of polypoid organisms, consist of minute sacculi, 
wherein may be perceived a slender and highly elastic filament coiled 
up spirally, but which, on comi)rc.ssion, suddenly shoots forth from one 
extremity of the capsule to a huigth that is perfectly surprising. It is 
upon the presence of these filiferous capsules that the adhesive power 
of the tentacula is supposed to depend ; and from the rapidity \vherewith 
prey, when seized, is destroyed by their grasp, it is probable that a 
poisonous fluid is omitted along with the thread, to the virulence of 
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which its paralysing effects arc to be attributed. The presence of these 
remarkable organs is, however, by no means restricted to the tentacula ; 
on the contrary, they are dispersed over various parts of the body, and 
exist even in the folds of the ovarian membrane. In the latter situa- 
tion, indeed, they are £i*equently extremely numerous, and compara- 
tively of large size. 


CHAPTER V. 

HYDEOZOA. 

(177.) The Hydbje, or freshwater pol 3 rps, are common in the ponds 
and clear waters of our own country ; they are generally found creeping 
upon conferva) or submerged twigs, and may readily be procured in 
summer for the purpose of investigating the remarkable cii’cumstances 
connected with their history. 

(178.) The body of one of Fig. 39. 

these simple animals consists of 
a delicate gelatinous tube, con- 6 

tracted at one extremity, which 
is terminated by a minute suck- 
er, and furnished at the oppo- 
site end with a variable number 
of delicate contractile filaments, 
placed aroimd the opening that 
represents the mouth, 

(179.) "WTien the Hydra is 
watching for prey, it remains 
expanded (fig. 39, 1, 2, 5), its 
tentacula widely spread and 
perfectly motionless, w^aiting 
patiently tiU some of the count- 
less beings that populate the 
stagnant waters it frequents 
are brought by accident in con- 
tact with it ; no sooner docs an 
animal touch one of the fila- 
ments than its course is arrested as if by magic ; it appears instantly 
fixed to the almost invisible thread, and in spite of its utmost efforts is 
unable to escape ; the tentacle then slowly contracts, and others ore 
brought in contact with the struggling prey, which, thus seized, is gra- 
dually dragged towards the orifice of the mouth, that opens to receive 
it, and slowly forced into the interior of the stomach. 
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(180.) To the earlier observers of the habits of the Hydra nothing 
could be more mysterious than this faculty, possessed by the creature, 
of seizing and retaining active prey, in spite of all its efforts at resist- 
ance, but which is now satisfactorily explained as depending upon the 
presence of a prehensile apparatus, allied in its nature to the filiferoiis 
capsules of the Actinim^ described in the last chapter. These wonderful 
organs arc not only thickly dispersed over the whole surface of the 
tentacles, but arc likewise met with, though less numerously distributed, 
over the general surface of the body. They appear, under high powers 
of the microscope, to be composed of minute oval vesicles, from each of 
which can bo protruded a long delicate filament, having its free ex- 
tremity slightly swollen, and apparently of a soft viscid texture, the 
ivholc being not inaptly compared by Agassiz to a la%&o. The neck of 
each vesicle is furnished with three recurved booklets, which, when 
the skin of the animal is irritated, or when the arms are prepared to 
seize prey, remain erect and prominent. The modus operandl of these 
structures is as simjde as the result is efficacious : the lasso-threads^^ 
with their viscid extremities, speedily involve the victim seized, in their 
tenacious folds, and closely bind it against the booklets wherewith the 
suifacc of the tentacula is thickly studded : these, probably, in their 
turn constitute prehensile organs, and moreover form an apparatus of 
poison-fangs If a very deadly character; for it is observable that an 
animal once seized by the Hydra, even sbc/iild it escape from its clutches, 
almost immediately perishes, 

(181.) Arrived in the stomach of the polyp, the animal that has 
been swallowed is stiU distinctly visible through the transparent body 
of the Hydra, which seems like a delicate film spread over it (fig. 39, 4 ) ; 
gradually the outline of the included victim becomes indistinct^ and the 
film that covers it tvuhid; the process of digestion has begun: the 
soft parts are soon dissolved and reduced to a fluid mass, and the shell 
or hard integument is expelled through the same aperture by which it 
entered the stomach. 

(182.) No traces of vessels of any kind have as yet bgen detected in 
the granular parenchyma of Avhich the creature is composed ; coloured 
globules are seen floating in a transparent fluid, which, in the Hydra- 
vmdisj are green, although in other species they assume different tints. 
When the food lias been composed of coloured substance, as, for example, 
red larva), or black Flanarioif the granules of the body acquire a similar 
hue, but the fluid wherein they float remains quite transparent ; each 
granule seems like a little vesicle into which the coloured matter is 
convoyed, and the dispersion of these globules through the body gives 
to the whole polyp the hue of the prey it has devoured ; sometimes the 
granules thus tinted are forced into the tentacula, from whence they are 
driven again by a sort of reflux into the body, producing a kind of cir- 
culation, or rather mixing up, of the granular matter, and distributing it 
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to all parts. If, aftiT having digested coloured prey, tlie polyp is made 
to fast for some timo^ the vesicles graduall}’ lose their deepened hue 
and hecome coniparativcdy transparent. The graniih's, therefore, would 
seem to he specially connected with the absorption and distribution of 
nutriment. 

(183.) AITien matuix) and well supplied Avith food, minute gcmmulcs 
or buds are developed from the common substance of the body ; they 
spring from no particular j)art, but seem to be formed upon any portion 
of the general surface. These gemma) appear at first like delicate 
gelatinous tubercles upon the exterior of the parent pol}^); but as 
they increase in size they gradually assume a similar form, become 
perforated at their unattached extremity, and develope around the oral 
aperture the tentacles characteristic of their species. 

(184.) This mode of propagation, termed gemmation,'^ differs from 
the development of the Hydra af> oco, inasmuch as the germ -cell, 
which sets on foot the process, is derivative and included in the body 
of the adult, instead of being primary and included in a free 
ovum, 

(185.) Sometimes six or scA^en gemma) have been observed to sprout 
at once front the same Hydra ; and although the Avhole process is con- 
cluded in tAventy-four hours, not unfrequcntly a third generation may 
be observed springing from the ncAvly-formcd polyps evA before their 
separation from their parent : eighteen have in this manner been seen 
united into one group ; so that, proAuded each individual, when complete, 
exhibited equal fecundity, more than a million might bo produced in 
the course of a month from a single polyp. 

(186.) But perhaps the most remarkable feature in the history of 
the Hyctra is its power of being multiplied by mechanical division. If 
a snip bo made Avith a fine pair of scissors in the side of one of these 
creatures, not only does the Avound soon heal, but a young polyp sprouts 
from the wounded part ; if it bo cut into two portions by a transverse 
incision, each speedily dcvelopcs the wanting parts of its structure ; if 
longitudinally jdivided, both portions soon become complete animals ; if 
even it be cut into several parts, every one of them will in time assume 
the form and functions of the original. 

(187.) It has recently been discovered that the Ilydrce^ at certain 
seasons of the year, are reproduced from real ova*, at Avhich period 
various obserA'crs have proved them to bo possessed of a male ap- 
paratus of a most remarkable character. This strange organism makes 
its appearance under the form of two, three, or four minute conical 
tubercles, which become developed from the sides of the body, at a 
short distance below the tentacula ; and in these, under the microscope, 

* “ On a species of Hydra found in tlio Northumberland Lakes,” by A. Hancock, 
Esq., Ann. and Mag. of Nat. Hist, for 1850. 
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a glandular-looking body and innumerable active particles are seen to 
be contained. 

(188.) The conical eminences, which constitute the spermatic cap- 
sules, appear to dciivc their origin from the greater degree of develop- 
ment of one or more of the superficial cells in the vicinity of the base 
of the arms. These capsules sometimes occur in considerable numbers, 
as from eight to sixteen, on the brown polyp ; but in the green species 


Fig. 40. 



^ Ifydra viridis. 1. Body of IFydra mfif'nillud : o, tho ovum c*ontain«>d 
in till* ovif'crous eiipsulf sprouting from the side of tho polyi> ; b, b, Hpormatic cnpauloH. 2. Matur«‘ 
ovum of Hydra crushed, its contimts cswvping. Jt. Spermatic cai'Hulo broken by pressure, showing 
the contained spermal o»oa. , 

only two or three are generally seen, placed on opi)ositc sides of the 
body, and invariably situated somewhere in the vicinity of the oral 
extremity (fig. 40, 1, h />). The interior of the capsules has a slightly 
ribbed or striated appearance ; and at the summit a small aperture is 
sometimes perceptible, through which, when tlie develoinneut is com- 
plete, the spermatic filaments are observed to issue. On breaking up 
the capsule, under the microscope, large numbers of these filaments are 
seen united in bundles by their minute globular heads, the filamentous 
part being free, and vibrating with great rapidity in the manner which 
is known to be characteristic of these bodies in all animals (fig. 40, 3) . 
These spermatic capsules were observed b}* Dr. Allen Thompson* on many 
individuals in which no ova existed. The ova are developed in the 
loAver portion of the body, which, at the time when the male apparatus 
makes its appearance, becomes considerably enlarged, presenting an 
opako swelling, in the interior of wliich an ovum makes its appei^rance 

* Edinburgh New Philosophicjd Journal, 1840. 
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(fig. 40, 1, a) ; when mature, this ovum becomes detached from the 
parent animal and fixes itself to some foreign body. 

(189.) The ovigerous capsule is, when fully developed, of sucli a size 
as to bo seen with the naked eye. It is attached to the side of the 
polyp, nearer to the foot than the spermatic capsules, and is distin- 
guished from the rest by its spherical form and yellowish-brown colour. 
In the Hydra viridis only one of these ova appears to be developed on 
the body of the polyp at the same time ; but a number, varying from 
five to seven, have been occasionally observed upon the Hydra f ami. 

(190.) The ovum appears, at first, as a small granular mass in the 
thickness of the wall of the animal. As the spherical yelk-mass en- 
larges, it projects from the side, seeming to carry along with it the 
outer or clearer layer of the animal’s body ; then the cells of this layer 
grow thinner, and recede from the outer covering or capside enveloping 
the egg-like mass, which at the same time becomes much thicker, and 
is left attached to the animal only by a narrow portion or pedicle. As 
the development proceeds, a similar atrophy of the cells of the pedicle is 
followed at last by the separation of the spherical mass, which is thus 
detached from the parent polyp. 

(101.) Fii©m various observations it would seem that while some of 
the individuals of the Hydrcr are hermaphrodite, othei*s produce th(^ 
organs of one sex only ; but generally both kinds are developed from 
tho same Hydra. 

(192.) Tho fertilization of the ova cannot take place until after the 
rupture of the spermatic cyst and that of the ovisac tilso ; so that tho 
parent has no more participation in it than has the Facus in the anji- 
logous fertilization of its germ-cells after their discharge. Althougli 
the production of a new Hydra from such an egg has^ot yet been wit- 
nessed, there seems no reason to doubt tho fact. It would scorn that this 
alternation of reproduction between the gemmiparous and the sexual 
is greatly influenced by temperature, tho eggs ])cing produced at tho 
•approach of winter and serving to regenerate the species in the spnng, 
while the budding process naturally takes place only during the warmer 
seasons of the year, but may be made to continue through the u^holc by 
a sufficiently high temperature. 

(193.) Nearly related to the Hydras is the remarkable group of Oehi- 
tinoiis Polyps, as they are named by Cuvier in his classification of the 
Animal Kingdom, constituting the genus Coryne {Corine of Gaertncr). 
One of these little animals, seen with the naked eye, observes Mr.Gossc*, 
to whom we arc indebted for the following particulars of their history, 
looks like a very slender branching plant. It is altogether about as 
thick as fine sewing-cotton, creeping along a frond of sea- wood, or other 
substance upon which it grows, like an irregularly-winding thread. This 
crecpihg root sends off frequent rootlets, which, crossing each otlier, 
* Rambles on the Devonshire Coast. 18,53. 
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appear to anastomose, making a sort of network from which free stallis 
shoot up licj o and theni, sometimes to the length of three inches or 
more, sending forth the polyp-branchlets irregularly on all sides. Tlie 
creeping fibre, the stalk, and the branchlets are seen under the micro- 
scope to be tubular ; and the two latter are marked throughout their 
course with close-set rings or false joints, apparently produced by the 
annular infolding of a small portion of the integument. The tube is of 
a yellowish-brown colour, sufficiently translucent to reveal a core or 
central axis of flesh ninning along its centre and sending off branches 
into the polyp-branchlets, from the open lips of which the flesh emerges 
in the form of a thickened oblong head, somewhat club-shaped, whence 
the name Coryne (from Kopvvri, a club). The tube or sheath becomes 
membranous, or rather gelatinous, at its margin, the ultimate three or 
four rings being evidently soft and scarcely consistent, of undefined out- 
line, and larger than the rest. The club-shaped head of the pol 3 rp is 
studded with short tentacles, of curious and beautiful structure. These 
vary much in number in each polj’p ; but the full complement appears 
to be from twenty-five to thirty, an*anged somewhat in a whorled manner 
in four or five whorls, which, however, especially the lower ones, are 
often irregular and scarcely distinct. The tentacles spriig from the 
axis, with a graceful curve ; they are rather thick and short when con- 
tracted, but- slender when elongated, an^ nearly equal in diameter, 
except at the termination, where each is furnished vdth. a globose head 
studded all over with tubercles, each of whicli is tii>ped with a minute 
bristle. The neck or body of the teiitacde is perfectly transparent, and 
appears to be a tube with tliin walls, but containing a colomlcss thickish 
axis freely permeating its centre, marked with delicate parallel rings. 
The tentacles arc endowed with the power of free motion, and they fre- 
<iucntly throw themselves to and fro with considerable energy. The 
whole polyp likewise can be tossed together from side to side at pleasure. 

(194.) Tuhularid.e. — In the Tubular Hydrozoa the structure of the 
tentacula is widely different from what has been described in Tuhipom 
musica and other anthozoic polyps. AVlion the Tubularia is expanded, 
its protruded portion is seen to be furnished with two circles of arms, 
one placed around the opening of the mouth, the other at a considerable 
distance beneath it (fig. 41, l) ; ap^l, nearly on a level with the inferior 
circle, a second aperture (fig. 41, l,u) is obsciwablc, communicating 
with that portion of the body which is lodged witliiii tlic tube, and re- 
sembling a second mouth. A remarkable action has been observed to 
take place in these parts of the polyp, producing a continual variation 
in their form*; a fluid appears, at intervals, to bo forced from the lower 
compartment into the space intervening between the two rows of tenta- 
cula, which becomes gradually dilated into a globular form (fig. 41, 2,3). 

* Lister, “ On tho Structui-o and Functions of Tubular and Cellular Polypi,” 
Phil. Trans. 1834. 
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This distension continues for about a minut(\ when the upper part, 
contracting in turn, scpieezes back tlie tluid wliiih tills it into the hover 
compartment through the opening a, which then closes prt'paratoi y t«> 
a repetition of the operation. 

The intervals between these 
actions were, in the specimen 
observed by Mr. Lister, very 
evenly eighty seconds. In 
Tiibiilaria indIvisa the sheath 
or cell, b, which encloses the 
pol}'p is perfectly diaphanous, 
allowing its contents to be 
readily investigated under the 
microscope. When thus ex- 
amined, a continual circula- 
tion of particles is visible, 
moving in even, steady cui’- 
rents in the direction of 
the arrows (fig. 41 , l) along 
slightly spiral lines represent- 
ed in the drawing. The par- 
ticles arc of various sizes, 
some very minute, others 
apparently aggregations of 
smaller ones ; some are glo- 
bular, but they have generally 
no regular form. 

(195.) The mode of propagation in Coryney and other 

genera of Hydriform polj^xs has occupied the attention of many diligent 
inquirers, the results of whose labours are extremely intt'resting and 
important ; it is, however, to the researches of I’roh'ssor Van Ilencdcn 
that science is principally in<]cbtod for information upon this subject. 
According to the observations of that indefatigable* uiituralist*, tin* re- 
production of the.se zoophytes Is effected in no fewer than three different 
ways : — 

1. Ily continuous gemmation, . 

2. By the production of free gemmm. 

3. By simple ova. 

(196.) Observation has moreover shown that in every species pro- 
pagation is effected by more than one of these modes of rc])roductioTi, 
and sometimes by three or four ; and it must be remark(;d that in none 
of them is the cooperation of a male apparatus reipiisite, neither have 
any male organs or spermatozoa been as yet detected. 

(197.) Development by continuous gemmation is the simplest possible, 
Nouveaux M^moires do I’Academie do Bruxelles, 1843-1844. 


Fig'll- 



Tubularia indiviua. 
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and is effected ))y more growth from tlic original polyp at certain dc- 
t(‘rminato points of its substance, which points are similarly situated 
with respect to each otlier in all the individuals belonging to the same 
sp(^cies. At tlu.'se points api)car gemmae exactly similar, both in texture 
and mode of growtli, to the body from which they spring ; and the buds 
thus p)-odnced give birth to others in a precisely similar manner. 

(IDS.) In, like manner when a stem is cut off transversely, a bud is 
developed from tlic cut extremity, which by its growth prolongs the 
original trunk. \Vlicn this kind of gemma has attained to a sufficient 
size, there arises from its extremity a little cro^vn of tubercles ; sub- 
se(iuently a second becomes manifest, at some distance from the first ; 
and as the growtli of these tubercles continues, each of them becomes at 
length developed into a tentacle. The tentacle, therefore, grows from 
the body exactly in the same way as the bud from the stem, the only 
difference being that the former is solid, and the latter tubular. 

(199.) The gi’owth of the homy sheath of the polypary (fig. 42, h) 


Fig. 42. 



Tulnihtrm ammata. h, llift polypnry, or horny nh.'ath; f. liMUfj suhHtamv of tho annual; 
d, iMnindiry botwron tin* indiviilual and the ooniiiioJt .sto<-k ; //, tyntncular nrniH; t, tentofular 
zone; h, nundh ; n, roprodiic-tiou by continuoim Boinination ; o, oviyerouH chi*8u1c 8. (Aftor Van 
lloiUMlcn.) 

exactly keeps j)ac (5 with the development of tlie soft substance, and even 
advances beyond it. 
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(200.) Rolow the tentacula the body of the polyp appears constricted, 
marking the boiindtiry between it and the stem ; and soon the flower- 
like head, becoming too large to be contained in it^ sheath, issues 
forth, and, expanding its tentacula, displays itself perfectly unfolded 
(fig. 42, / 7 , 7i). The ovigerous pedicles, -o, hereafter to be described, are 
developed subsequently. 

(201.) Second mode of projietgationf hif free gemmq>. — The free 
gemmae are j^roduced upon distinct jiedieles, which in the genus Tuhti- 
laria are developed within the lower circle of tentacula. They resemble 
numerous appendages disposed in a circle, and forming a crown around 
the body of the polj'p (fig. 42, o). These pedicles grow in the same 
manner as the buds and the tentacula described above ; that is to say, a 
hollow tubercle first makes its appearance, which seems to bo merely an 
extension of the external covering of the polyp. Each tubercle slowly 
expands, and soon divides into one or more branches, which arc all 
hollow, and the same fluid that circulates in the general substance of the 
polyp may be observed to pass into their interior (fig. 44, a'). 

(202.) At the free extremity of each of the pedicles thus formed, a 
distinct cell is soon perceptible (fig. 43, a, n, c, a), situated immediately 
beneath the^ surface, which cell is the rudiment of a new individual. 
Jfo nucleus has been remarked in its interior. Tliis inimitivc cell may 
bo regarded as the analogue of the viteUine sac, or, perhaps, as the 
vesicle of Purkinjc or of Wagner ; most probably, however, it is the 
vitelline vesicle, from the circumstance that it becomes organized inter- 
nally, in which case the reproductive process assumes the third or the 
fourth form, subsequently to be noticed ; or else it sci^’cs for the point of 
departure, or, it might almost bo said, the mould for the formation of a 
free gemma, which becomes organized around it at the expense of tlic 
pedicle itself. It is, in effect, a part of the rei)roductive appendage that 
wdll subsequently become detached ; but at this period of its development 
it is impossible to determine after which of the four modes of reproduc- 
tion the embryo will be fonned. The vesicle (fig. 43, a, n, c, a) now 
increases rapidly in size, and beneath it another membrane (fig. 43, a, 
n, c, h) is soon perceptible, which by its inner surface is in contact with 
the circulating fluid. This membrane is the origin of the new indi- 
vidual ; or, in other words, it is a blastoderm, formed by the internal 
skin, and not by the vitellus. Soon there is scon, projecting from its 
centre, a little cone (fig. 43, n, h) which, compressing the vesicle, a, forms 
a depression upon its inferior surface, so that the vesicle begins to 
assume the appearance of a serous membrane, yielding to the pressure 
of the organs over which it .spreads, and which it ultimately covers 
much in the same way as the pleura covers the lungs. The tubercle, h, 
will afterwards form the walls of the digestive cavity of the now animal, 
and may be seen to have a circulating fluid, derived from the body of the 
polyp, moving in its suhstance. Around the base of the cone, J, may 
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now be seen four other tubercles (fig. 43, c, c), which become developed 
like the preceding; but instead of compressing the vesicle, a, they 
surround it, and. ultimately completely enclose it. They arc united 
together by a thin membrane, so as to present the appearance of a trans- 
parent vase, having four longitudinal prominent bands, the free edge 
slightly enlarged and rounded, a pedicle in the middle like the stem of 
the vase, anc^ the transparent vesicle lining its interior throughout 
(fig. 43, E). 

(203.) The different phases of the mode of development above de- 
scribed, however, will bo best understood by a reference to the series of 
figures which wo have appended, carefully copied from Professor Van 
Bcnicdcn’s elaborate illustrations. 

(204.) Tho young Tubularia has now assumed the appearance of a 
Beroe, and in this condition has doubtless been often mistaken for an 
individual belonging to the class Acalepha?, to be described in the next 
chapter ; lively contractions of its body arc frequently "witnessed, although 
it still remains attached to its pedicle. 

(205.) At tho extremity of each of the four longitudinal vessels a 
little tubercle is next developed (fig. 43, r, e), which, as it becomes elon- 
gated, is converted'into a tentacle ; or sometimes, as in Eml^idriimiy by 
its bifurcation, two tcntacula arc formed from each tubercle. 

(200.) At this period of its development tho young Tubularia sj^on- 
taiieously detaches itself from the parent stem, presenting, at the 
moment of its separation, tho appearance of a balloon, or rather, of a 
melon (fig. 43, o). Its contractions become more and more lively ; and it 
is by the aid of those movements that its separation is effected. The two 
poles of its globular body may be seen to approach each other, and to 
separate alternately "with a movement of systole and diastole, similar to 
what is obseiwablo in many Acalephae. No traces of cilia arc observable 
either c'xtcrnally or in the interior of its body. In this condition it 
presents an external covering, which is, so to speak, merely a derivation 
froin the integument of the parent-polyp ; this covering presents some- 
what more consistence than the internal parts, and is open in front. 

(207.) A second membrane lines the preceding throughout its whole 
extent ; like the former it is (juite transparent, and at the anterior open- 
ing is prolonged internally to a little distance, forming ji sort of funnel. 
These walls enclose foiu’ vessels (fig. 43, n, e), which extend from tlie 
base of the embryo, and open in front into the hollow zone from which 
tho tcntacula take their origin. These longitudinal vessels, therefore, 
communicate "with each other by a transverse canal, and at their origin 
open into the central or digestive cavity. From this disposition it re- 
sults that the contents of the stomach can pass as far as the extre- 
mities of these four vessels, and by means of the transverse canal can 
be transferred from one to the other. Professor Van Benedon obsei’ved 
a fluid containing globules moving in this direction in their interior. 
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The communication by means of transverso camils is anotlior 
ment exactly similar to what exists in the adult Ji<‘roLd(>nn ^[(‘diisa'. 

Fig. 4:5. 
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Dev^-lopment of Tubulariu by fn‘»* genini©. 

(208.) The outer membrane presents eight longitudinal canals (fig. 
43, 0 , H, h)f which are found to be filled with cellules, but in whicli no 
movement has been observed. It is to the presence of these longitu- 
dinal bands that the cmbrj’o in this stage of its development owes its 
resemblance to certain fniits, more particularly to a melon. 

(209.) From the anterior part proceed four appendages (fig. 43, a, (/), 
which were stiU undeveloped at the period of the* detachment of the 
young pol}’!), but now insensibly unfold themselves. Tliesc arc the 
tcntacnla. In the centre there projects a rounded opakc body, gene- 
rally of a red or yellowish tinge, which is the stomach. This viscus 
communicates, as has been stated above, with the four longitudinal 
vessels, and is the only opakc part of the cmbiyo. It ojyeiis in front 
by an orifice that constitutes the mouth ; tlie whole organ is emi- 
nently contractile, turning in all directions like the body of a Hydra, 
sometimes elongating itself like a worm, and at others shrinking so as 
to be almost imperceptible. 

(210.) If the embryos examined in this condition bo vigorous, their 
movements arc very varied, and the forms that they assume extremely 
singular. The regular contractions above noticed arc the most simple 
actions ; the two poles separate and approach each other alternately, 
whence results the progression of the little creature. But this con- 
traction may be carried to a still higher degree : the rounded stomach 
in the middle of the embryo not only moves itself about in every direc- 
tion, but it seems to make efforts in the middle of its transparent 
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(‘iivclopo, lik(> }i worm in scarcli of a passage by which to get out ; and 
at length it ])usl]es its free (extremity tliroiigh the opening in front of 
it, and (dongates its body still more, until the two poles of the balloon 
g(dd;iiig a])pr(jxii I lilted, the whole embryo becomes somewhat disk-shaped, 
or the lour vessels that cominiinicate with the stomach (if vessels they 
really are), by moderately contracting, form as many depressions di- 
viding the disk into four lobes (fig. 43, h, i), or by a more forcible con- 
traction give it the appearance of a Greek cross ; and all these changes 
of form may take place in a few seconds. 

(211.) Observations are wanting relative to the manner in which 
the free acalcph gives origin to the fixed polyp ; for although Professor 
Van Bcneden observed the latter at a very early period after they had 
become attached, he was unable to witness any further changes that 
they undergo, and therefore gives a hypothetical outline of the forms 
through which he supposes them to pass, preparatory to their final 
establishment as young Tubulariae. 

(212.) Third mode of propagatimif by simple ova , — This mode of repro- 
duction approximates the nearest to what occurs in the higher animals. 
Cells are observed in process of gradual organization in the middle of 
a vesicle, in the same manner as the vitelline cells, which aijj) converted 
into an embryo. In this case the vitelline cells become aggregated 
and modified, so as to give rise to a now individual, which is isolated 
from the commencement of its existence. The point of departure for 
the formation of the embryo is the same as in the preceding mode of 
development, and the reproductive vesicle has at first precisely the 
same structure ; but instead of preserving its transparency, this vesicle 
soon exhibits numerous cells, which render it more and more opake, 
and give it the appearance of a vitellus. In this case, moreover, there 
is a great difference in the relations which the red pedicle (fig. 44, a, b), 
bears to the embryo. In the preceding mode of development this 
pedicle constitutes an integrant part of the newly-formed being, form- 
ing, in fact, its stomach ; but in the oviparous mode, there is no organic 
connexion between the one and the other, the vitellus being formed 
between the pedicle and the integument of the offset, and on pressing 
the latter between two plates of glass, these structures readily separate 
without any laceration. 

(213.) As the vitellus (fig. 44 ,b,«) increases in size, it becomes im- 
pacted between the integument and the pedicle, and its augmentation 
of bulk still increasing, the upper part of the pedicle becomes covered 
with it as with a hood, and at last almost entirely enveloped by it (fig. 
44, c, n, e). At this period the margins of the ^itellus become indented 
on that side nearest the pedicle, and the tubercles between the inden- 
tations soon show themselves to be the rudiments of tentacula. The 
tentacula become more and more elongated, the embryo separates itself 
slightly from the pedicle, and a protuberance (fig. 44, f, o, h) is then ])er- 
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ceived in the centre of the tentacular zone, which becomes the proper 
body of the poljq), or rather, forms the walls of its stomachal cavity. 

(214.) Tlie walls of the bud which has hitherto contained the 
embryo now become niptured, and it gains its liberty (fig. 44, n). In 
this condition it almost exactly resembles a young Hydra in its con- 
tracted state ; and, in fact, both its body and its tentacula seem to have 


Fig. 44. 



the same anatomical structure as those of that sim2)ly organized polyp. 
Having attained to this condition, its development' 2 )roceeds ra^udly, 
and it soon begins to assume the specific fonn of the Tubularia from 
which it sprung (fig, 44, i). 

(215.) {SEPvTULAniD.Ti. — In the Sertularian Hydrozoa, the fleshy sub- 
stance of the animal is enclosed in a ramose horny sheath, which it 
traverses like the pith of a tree, following all the ramifications of the 
branched stem of the polypaiy. 

(216.) Zoophytes of this description are readily found on our own 
coasts, and the microscopic observer can scarcely enjoy a richer treat 
than the examination of them affords. In order to study them satisfac- 
torily, it is necessary to be provided with several glass troughs, of dif- 
ferent depths, in which tlic living animals immersed in their native 
element may be placed : in this situation, if the water be carefully re- 
newed at short intervals, they will live for some time. 

(217.) Resides the cells wliich contain the polyps, others, S 2 >ecially 
destined to the development of the ova, exist at certain periods of the 
year ; they are larger than the preceding, and of a very different shape ; 
but of these we shall have occasion to speak more fully hereafter. 
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(218.) The general stem of the polypary is entirely filled with a 
fleshy substance cxa(3tly resembling in its nature the tissue composing 
the body of the polj^p, whereby all the individuals belonging to the 
common stock are brought into communication with each other. In- 
ternally it seems to bo hollow, and to contain a fluid, in which nume- 
rous globules may be observed in active motion. It is from this central 
fleshy substanoe that the buds or lateral offsets derive their origin. 

(219.) On examining attentively the stem of a living Sertularia, the 
globules are all seen to follow each other in distinct currents, and 
sometimes may be observed to move in opposite directions in the same 
branch : on arri\’ing at the bifiircation of a stem, some seem to stop, 
whilst othcra continue their course to the right or left. If the branch 
of a living polypaiy, wliile in a state of activity, bo divided and slightly 
compressed, the globules that escape from the cut extremity still con- 
tinue their movements for some considerable time, somewhat after the 
manner of zoosperms ; and as this kind of motion, when observed ex- 
ternally to the polypary, resembles very closely that whii'h they exhibit 
in its interior, it is apparently not dependent upon any pressure from 
the walls of the general fleshy substance, but seems to bo inherent in the 
globules themselves. The geneml movement of the fluid c(#itained in 
a branch, however, more especially as relates to its direction, depends 
upon the pressure exercised by the polyps ; so that if several individuals 
on one side of a branch contract simultaneously, they sometimes even 
force the contained liquid through the mouths of those upon the oppo- 
site side. • 

(220.) It has been generally stated that the living pith exudes from 
its surface the horny matter which, by its concrt'tion, forms the tube 
or external skclctoif investing the whole ; the accuracy of such a sup- 
position, nevertheless, may well be questioned. AVe have ah’cady seen, 
in the Tuhipora innaka, that the calcareous tube investing that poljq) 
was produced by the interstitial deposits of earthy matter in the mem- 
brane that originally constituted its outer case. In the tiibe of zoo- 
phytes we are now speaking of, we shall find the exterior tube to be 
formed in a way precisely similar. On referring to the diagram 
(fig. 45), the mode of its growth will be rendered intelligible. The 
soft part, or living axis of the polypary, is seen to be contained in two 
distinct layers : the inner one, u, being continuous with the digestive 
sac of the polyp, and immediately embracing the granular matter, seems 
to bo the special seat of the nutritive process ; the outer or tegumentury 
layer, 6, after leaving the tentacula, may bo traced down the sides of 
each polyp to the bottom of the cell, where its course is arrested by a 
slight partition, at which point it turns outwards, lining the interior of 
the ceU as far as its margin, where, as in the Tuhipora, it is seen to 
be continuous with the horny matter itself. It is this togumontary 
membrane, then, which foi-rns by its dovclopmcmt the entire skeleton. 
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As it expands, it gives origin to llio cells and bi-anclics cliaractcnstic? 
of the species; and, from being at iii-st quite soft and flexible, it gra- 
dually acquires bardiu'ss 
and solidity b)' the de])o- 
sition of corneous matter 
in its substance. 

(221.) The cells thus 
formed arc inhabited by 
polyps analogous to those 
that provide nourish- 
ment for the cortical fa- 
milies, though differing 
in the nunibor and ap- 
pearance of the tenta- 
cula, which are heri' 
studd(‘d with minute tu- 
bercles, but never ])ro- 
vided with cilia. Few 
objects arc more admi- 
rable thanathese polyps, 
when watched with a 
good microscope. Pro- 
truding themselves be- 
yond the mouths of 
their cells, they infle(?t 
their bodies in all direc- 
tions in quest of prey, 
waiting tiU some passing object impinges upon their tentaeula, Avhen it 
is at once seized and conveyed into the stomach with a rapidity and 
dexterity almo.st beyond belief. 

(222.) The tentaeula in the Sortularian Ilydrozoa are all arranged in 
a single row, and form a sort of funnel-liko appendage to the oral oriflee 
of the body. They are susceptible of considerable elongation and con- 
traction, like those of the Hydra, but in a less degree. Their number 
is constant throughout the diftcrent periods of growth in eadi species, 
but varies in different genera. Inb^mally they are not hollow as is the 
case in the Anthozoa, but under the microscope they have the appear- 
ance of being divided into compartments by delicate transparent dia- 
phragms, giving them an appearance like that of some Conferva' ; they 
are throughout of ecjual thickness, and no movement of fluids is i)ercep- 
tible in their interior. 

(223.) In the centre of the tentacular circle may be observed a 
fleshy protuberance of variable shape, which might be companjd to a 
proboscidiform elongation of the mouth ; sometimes this aj)pcndagc is 
elongated into the form of a tube, sometimes it shrinks into a globular 


Fig. If). 



Diagram reprc*gcnting section of n Bertularinn zuo|*hyl.e. 
a, inner or nutritive* layer; 6, outer or t<*gun»( nti'ry layer; 
0 , oral tentacles of the poly)); d,e, gemniules polypiform 
external capsule ; ff, polyitiferous cell; A, reprixluetive iH‘ll. 
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nuiss, or oocusioiiiilly it may l)es(;oii so completely contracted as simply 
to form a broad lip-like ring around ilie. oral opening. 

(224.) The stomach, as in the Hydra, is a simple cavity excavated 
in the interior of the; body, without any proper parietes, which inferiorly 
communicates immediately with tlio lleshy substance contained in the 
common polypjiry ; so that tlio contents of the stoma(4ial sac may not 
nnfreiiiumtly Imj se(m to pass into the living pith, and in like manner 
th(! globules there circulating to retimn into tJie stomach. 

(22o.) Idle multiplication of these beautiful zoophytes appears to 
take place in three different modes : — 1st, by cuttings, jis in plants ; 
2ndly, by oHshoots, or the formation of new branches bearing polyps ; 
Jlrdly, by Planvhp ca 2 )ablo of locomotion. 

(220.) The lirst mode strikingly resembles what is observed in the 
vegetable kingdom ; for, as eveiy branch of the jdant-like body contains 
all thi^ i)[irts necessary to independent existence, it can hardly be a 
matter of sin'prise that any portion, separated from the rest, ■s^dll con- 
tinue to grow and perform the functions of the entire animjil. 

(227.) The second mode of increase, namely, by the formation of new 
branches and polyps, seems more like the growth of a plant than the 
development of an animal. We will consider it under tw% points of 
view : — first, as regards the elongation of the stem ; secondly, as relates 
to the formation of fresh cells containing the nutritive polyps. On ex- 
amining any growing branch, it will be found to bo soft and open at the 
extremity, and the soft tegumentary membrane (above described as 
forming the tube by its conversion into hard substance) is seen to pro- 
tnido through the terminal orifice ; the skeleton is therefore not merely 
secreted by the enclosed living granular matter, but it is the investing 
membrane, which continually shoots upwards, and deposits hard material 
in its substance as it assumes the form and spreads into the ramifica- 
tions i)cculiar to its species. 

(228.) Having thus lengthened the stem to a certain distance, the 
next stcip is the formation of a cell and a new polyii, which is accomplished 
in the following manner*. The newly-formed branch has at first pre- 
cisely the appearance and structure of the rest of the stalk of the zoo- 
phyte (fig. 4(), l), being filled with granular matter, and exhibiting in 
its interior the circulation of globulps (already described) — moving to- 
wards the extremity along the sides of the tube, and in an opposite 
course in the middle ; the end of the branch, however, before soft and 
rounded, soon becomes perceptibly dilated. After a few hours the branch 
is visibly longer, its extremity more swollen, and the living pith is seen 
to have partially separated itself from the sides of the tube, the bounda- 
ries of which become more defined and undulating (2). The growth 
still proceeding, the extremity is distinctly dilated into a cell, in which 
the soft substance seems to bo swollen out, so as to give a nide outline 
* Lister, Phil. Trans, he. eif. 
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of the bell-shaped pol}^) (3), but no tontaciila arc yet distin^uishahlc ; 
a rudimentary septum becomes visible, stretching across the bottom ot 
the coll, through the centre of which the granular matter, now collect ('d 
into a mass occupjdng only a portion of the stem, is seen to pass. Tlu‘ 
polyp and cell gradually grow more defined (t, 5, 0), and the tentacula 
become distinguishable; the cell, moreover, is seen to be continued in- 
wards by a membranous infundibular prolongation ofdts margin (<)» 
that immediately reminds us of the funnel-shaped membrane of 
fora (§157), and its ofiicc is no doubt similar. As the developim ut 
proceeds, the tentacles become more perfect (8, tt), and the polyp at 
length rises from its cell to exercise the functions to which it is 
destined. 

Fig. 4C). 



Diagram illustrating the mode of growth of a Scrtularian polypidom. 

(229.) The main feature that distinguishes the Scrtularian Zoophytes 
from the llydm seems to consist in the fact that, whereas in the latter 
each newly-formed ofifeet becomes detached from the parent stock and 
enjoys a separate existence, in the former each new sprout remains 
permanently adherent, the succe.ssivc generations being united into a 
ramified stem, which is common to the entire group. The Hydra, 
having no polypary or outer covering, when it dies, entirely perishes : 
but in the Sertularidae, evciy sprout, when it dies, leaves its homy in- 
tegument attached to the general community ; and thus, in time, there 
results an elaborately-branched stem, the complexity of which increases 
with the age of the colony. 
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(230.) The third mode of multiplication, or that by Plmmlm, seems to 
bo specially arhiptcd to the diffusion of the species ; and as it presents 
many points of pcKailiar interest, we shall dwell upon it at some length. 
At certain periods of the year, besides the ordinary cells adapted to con- 
tain nutritive polyps, others are devcloi^ed from different parts of , the 
stem, whiedi may be called female or fertile polyps, althougli usually 
simply t(u'mefl th(> vesicles. The cells of this kind are much larger than 
the nutritive cells, and of very different form (fig. 48, a) ; they are 
moreover deciduous, falling off after the fulfilment of the office for w^hich 
they are provided. They arc produced in the same manner as the rest 
of the stem, by an extension of the tegumentary membrane (fig. 45, />), 
wdiich, as it ex})ands into the fonn of the cell, becomes of a homy 
texture ; it may be traced, however, over the opening of the cavity, 
where it sometimes forms a moveable operculum. The cell being thus 
constructed by the expansion and subsequent hardening of the tegu- 
mentary membrane, it remains to explain the origin of the reproductive- 
germs which soon become developed in its interior. 

(231.) According to the observations of J^oven on the reproductive 
process in Sertularia, the first appearance of the reproductive germ is a 
slight elevation (derived from the central mass contained in the ovarian 
vesicle), in the centre of which an active circulation oi nutritious 
globules seems to be concentrated. This protuberance gradually enlarges 
and assumes a spherical form, the part whereby it* is attached to the 
central mass becomes constricted, and at the same time its cavity becomes 
enlarged, and divided into several compartments. 

(232.) Upon the outer aspect of the newly-formed germ a little 
spherical body may bo detected, composed of coloured granular sub- 
stance, in which circular transparent spot speedily becomes per- 
ceptible. 

(233.) A delicate translucent capsule envelopes the parts described 
above, which, after a time, exhibits at its upper and outer surface a 
circle of minute elevations. This capsule Loven regards as the body 
of a female polyp, of which the little elevations are the rudimentary 
tcntaciila ; and its contents manifestly constitute an ovum, enclosing a 
Purkinjean vesicle. Several of these ova arc foimcd in the ovarian 
vesicle, presenting different degrees of development, the upper ones 
being the most advanced in growth. In proportion as each ovum in- 
creases in size, the original sacculus, wdiich is merely a prolongation of 
the central living substance of the polypary, and which at first formed 
.the larger part of the germ, becomes proportionally smaller, owing 
to the rapidly-increasing dimensions of the ovum, and soon the vesicle 
of Purkinjo is no longer discoverable. Aleanwdiile the canal whereby 
its cavity communicates with the central mass becomes elongated ; so 
that its union with the common substance of the polypary is not de- 
stroyed oven wdicn the ^‘female }>ohip ” has burnt through the external 
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meTttbTanc aivd t\io tTniiv operculum of t\ic ovariau capsule iu 'wKich it 
"was formed. 

'S^eu five “ female po\^” \\as \lvus escaped from live o^arlau 
vesicle of tlic commou polypary, it Ivaa tlic appcaraucc of a globular 
transparent capsule attached hy a short pedicle to the operculum 
through which it has made its w^ay, the orifice whereby it escaped 
having closed around its stem. The tentacles arc twelve in number ; 
and from the circle surrounding their base, four canals may be traced, de- 
scending in the substance of the globular body to terminate in the pedich^ 
or sacculus that occupies the lower part of the (Medusiform) capsule. 

(235.) On the rupture of the external membrane of the ovum en- 
closed in the female pclj^p,” the young animal escapes, under a form 
not at all resembling that of the parent animal. 

(236.) It presents at this period the appearance of a little worm, of 
an elliptical shape, slightly flattened. Its entire surface is thickly 
covered with vibratile cilia, by the agency of wliich it moves about even 
while still imprisoned in the body of its mother, from which it subse- 
quently makes its escape through the oral orifice. Crenerally each 
female” gives birth to two embryos, occasionally to three. 

(237.) Ij'o sooner has the young laiwa got free than it begins to 
swim about, by means of its cilia, with a uniform gliding motion : 
sometimes it turns round incessantly upon its axis, eitlicr horizontally 
or in a vertical direction, at the same time vaiying its shape from that 
of an egg to that of a pear. It is of a whitish colour, but still suffi- 
ciently transparent under the microscope to show that it contains a cavity 
filled with a coloured fluid, and composed of two membranes, whereof 
one, the outer, is transparent as glass, the internal slightly opake. 

(238.) Repeated observations render it improbable that in this con- 
dition the little embryo is nourished by means of a mouth. 

(239.) After swimming about for some time in the above condition, 
the young creature fixes itself to some foreign body, such as a fucus, 
or other marine production ; and then its form begins to be entirely 
changed, and it is converted into a flat, circular disk, around which the 
cilia, now quiescent, form a circular transparent fringe. In the centre 
of its internal cavity an opake round spot makes its appearance, the 
size of which is about a fifth part of that of the whole body, composed 
of a mass of granules placed concentrically, and occupying the situation 
whence the stem of the nascent polypary is to be developed. At this 
point the external membrane becomes slightly thickened, and, as it 
were, furrowed with vessels proceeding from the internal cavity. From 
the opake central spot arises a hemispherical protuberance ; and at the 
same time the central cavity loses its semicircular form and becomes 
divided into four or five irregular lobes, which subsequently become 
the horizontal supports of the fixed polypary, 

(240.) Already the whole expansion is covered with a homy layer ; 
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(liuiiitivc^ P^^yp g^tidua^ly developed •, and tTaen, as growtli ad- 
vances, secondary ramifications are developed, after the pattern peculiar 
to the species* 

(242.) Another important fact in connexion with the history of the 
Hydrozoa is, that in the compound species there exist male branches 
as well as female branches upon the same polypary, the latter pro- 
ducing ovigerous vesicles, whilst in the former the ova are replaced by 
seminal capsules; these almost precisely resemble the female cap- 
sules ’’ (Beroeform gemmee) figured by Loven, and are, in like manner, 
surmounted by a circle of tentacula. 

(243.) CAMPANULAEiuiE. — ^Thc polypary or common integument of 
tlicsc zoophytes is composed of a semigelatinous homy substance (fig. 47). 
The older stems assume a dark-brown colour and a consistence resem- 
bling that of horn. The young branches, on the contrary, and more 
particularly the polyp-cells, are thin and perfectly diaphanous. The 
poljpary always exhibits a principal trunk, from which ^e different 
branches proceed, every one of the latter being terminated by a bell- 
shaped cell. 

(244.) In the earlier stages of growth the polypary consists of a pri- 
mary trunk, from which alternating pcaicles are given off at regular 
distances. These pedicles soon become transformed into branches, on 
which new pedicles in turn make their appearance, as they did on the 
original stem, exhibiting a dichotomous or trichotomous arrangement. 

(245.) At the i.basc of each branch transverse rings are formed 
(fig. 47, g), which are persistent during the life of the polypary. All 
the branches, as well as the common trunk, increase in their dimensions 
in a(;cordanec with the age of the zoojihytc ; and, as in vegetables, there 
is a relation preserved between the thickness of the trunk and the 
number and extent of the branches. 

(24G.) Each polyp-bearing cell at the extremities of the branches 
presents externally a boll-shaped cup, having at its bottom a homy dia- 
phragm, perforated in the centre. It is through this perforation that the 
body of the polyp is brought into communication ivith the common 
fleshy substance of the polypary, and through its intermedium, with the 
other polyps. 

(247.) From the recent observations of Van Benedcn* relative to 
the embryogeny of the Campanularian polyps, it would appear that they 
frequently undergo, during their development, a scries of changes not 
less wonderful than those exhibited by the other Hydriform races whose 
history has been carefully traced. 

* Nouveaux M6m. do TAcad. do Bnixollos, vol. xvii. (184.‘3). 
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(248.) The ovum developed in the ovarian vesicle is, at its first ap- 
pearance, of a spherical shape, and imbedded in the substance where- 
with the deciduous 


capsule is filled (fig. 


Fig. 47. 


47, e'). It is sur- 

rounded by a mem- 
brane analogous to the 
calyx of the ovary in 
buds, which, being 
torn, discovers the de- 
nuded ovum, wherein 
the vesicles of Pur- 
kinjo and of Wagner 
are easily detected; 
but these very speed- 
ily disappear, without 
any other change in 
the interior of the egg 
being, discernible. 

(249.) J|he next 
step in the process of 
development seems to 
be the conversion of 
the external vitelline 
cells into a layer, 
situated immediately 
beneath the vitelline 
membrane, which may 
bo regarded as tho 
representative of tho 
blastoderm. 

(250.) The blasto- 
derm now becomes 



thickened around tho 
vitellus, forming a sort 
of elevated ring (fig. 
48, b), and the posi- 
tions of the different 
organs hereafter to be 


Ctmpamtlaria gehiUnosa. a n, togninciitnry pkt'k ton, or lioniy 
polypary; 6, A', buds in jirogress of dl‘^(‘lo|ml(‘nt into i'oly)>s; 
c V e, tt'rniinal polyp-tvlls (‘inpty; d,d\d'\d"\ polyps in dif- 
ferent stages of growth; e, ovarian eidl eontaining an embryo 
ready to esenpe;.#', another ovarian eell eontaining several em- 
bryos in various states of develoitnmnt;^’, living siibstanet' lilling 
the interior of the horny polypury ; g, annular constrietions ol’ 
the horny skeleton. (After Van Beneden.) 


developed become recognizable. 


(251.) Certain cells now begin to make their appearance in the 
interior of tho blastoderm, the arrangement of which is particularly 
remarkable (fig. 48, c & n, 6) ; these cells arrange themselves in groups 
of five around the circumference of the blastoderm, and have the ap- 
pearance of so many crystals : the form of each group is quadrilateral ; 



EMBRYOLOGY OF CAMP^INULARIA GELATINOSA. 


101 


but subsequently, at each angle there is developed another cell, con- 
necting the two groups together, and making the whole number to 
amount to twenty-four. These twenty-four colls will afterwards be- 
come the tentatJes of the polyp. 


Fig. 48. 



Embryolof^y of Campunviaria gelaiinofia. A, an ovarian vesicle from wJiieh an embryo is in 
the act of escaping ; others, in a less advano^*.d state, are seen in the interior, li, a detached 
embryo in a very early stage, hIkjw mg the vil«llus and blasUxb^rm. C, another embryo, more 
highly mugnilied; 6, cells formed around the vitellus. 1), the same, more advanced: (i, enrity 
enclosing the remains of the vitellus * 6, elongjited cells subsequently dev«*loped into ttuitncnJa ; 
c, other cells, eight in number, which are ih«> rudim^mts of the organs of tlu* S(‘nB(‘8. E, the same 
in a more advaneed condition. F, an embryo at the moment of its esea|)e from the ovarian vesicle, 
magnified : a, fleshy pedicle ; 6, mouth ; d, muscular fasciculus ; e, nervous ganglion ; yyj organs 
of sense; .9, tentacles. G, the same, as it swims in the water, presemting all the eharaet('r8 of a 
Medusa 

(252.) Cells of another order now make their appearance (fig. 48, n, c), 
grouped together in pairs, behind the ijreceding, with similar regularity. 
These will become organs of sense. 

(253.) It is difficult to avoid making the comparison between the 
above appearances and those of crj'stallization ; the colls, in fact, arrange 
themselves precisely like crystals, with perfect symmetry, and always 
in accordance with the number four or its multijdc. 

(254.) The embryo, at this period of its development, presents the 
shape of a thick lens-like disk ; and shortly, from tho centre of its in- 
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ferior surface, there is developed a tubercle, destined hereafter to 
become the body of the polyp; it is by this part that it will ulti- 
mately become attached. 

(255.) The four cells formed between the individual groups above 
mentioned are, in this stage of the growth of the little being, so com- 
pressed that they seem to be quite lost ; soon, however, they expand so 
as to press upon their neighbours, and then the disk appears to bo 
surrounded with a regular series of cellules, twenty-four in numbtjr, 
which, as they become developed, shoot out externally, and soon present 
themselves under the appearance of so many tubercles (fig. 48, e). 

(256.) The eight interior cells (c c) take another direction, but their 
form remains unchanged; and they exhibit, up to the termination of tliis 
embryo condition of the animal, a nucleus in the centre of each, which 
might bo regarded either as a crystalline lens or an otolith, according 
as these organs are judged to be eyes or auditory capsules ; for such are 
the designations applied to them by modern zootomists, as will be ex- 
plained in the next chapter. 

(257.) The marginal tubercles situated around the disk (^fig.48,E) now 
become sensibly elongated, and the whole embryo presents the appear- 
ance of a lyinuto star-fish, the elongate tubercles representing the rays. 

(258.) The nuclei in the interior of the marginal (tentacular) 
tubercles next become elongated, together with their containing cells, 
rendering the rays hollow in the centre ; and soon new cells are dis- 
coverable in their interior, the number of which is limited, and probably 
the same, in all the rays. The appearance of those secondary cells 
causes a rapid increase in the length of the tcntacula, and their remains 
give rise to numerous septa, producing an appearance somewhat ana- 
logous to that of the transverse strim of muscular fibre. 

(259.) The embryo animal, bo it observed, is as yet still contained in 
the ovary of the polyp ; but it is already capable of distinct and con- 
tinual movements, perceptible through the walls of the ovarian vcsichi. 

(260.) A tubercle (fig. 48, f, 6) is developed from the centre of the 
under surface of the disk, which represents the central pedicle mot 
with under various forms among the Medusae, and which may be called 
ihQ prohosddiform appendar/e. This organ can contract or extend itself 
in aU directions, constantly changing its form, and resembling in no 
slight degree the body of a Hydra. At an early period an opening is 
perceptible at the extremity of this appendage, which evidently repre- 
sents a mouth, being in direct communication with the vitoUino cavity. 

(261.) The vitelline or digestive cavity, now that there is a mouth, 
increases in size in proportion to the growth of the embryo, but still 
preserves its sac-like shape. It is partially filled up with irregular 
granules, which become perceptible at a very early period — at first 
colourless, but gradually becoming of a yellowish tinge. Towards the 
close of this period of development the granules seem to be heaped 
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toj^othcr into a mass, from which all the nutritive part appears to have 
been extracted. This constitutes the ineconium. 

(2G2.) In some instances, the nutritious fluid that circulates in the 
interior of the parent polypary may bo seen to penetrate as far as the 
interior of the vitelline cavity of the embryo, which thus seems to 
derive its nourishment at the expense of the general community ; and 
wlien it is t^ken into consideration that the ova are formed in the 
common fleshy substance lining the walls of the ovarian vesicle, and 
that the nutritious fluid is ditfused throughout its entire mass, it is easy 
to understand how, after the |external membrane surrounding the em- 
bryo is ruptured, it is enabled to penetrate, by means of the mouth, 
into the interior of its stomachal cavity. 

(203.) Mention has been made, in the above description (§ 256), of 
Cecils which give origin to organs of sensation, and which make their 
a])pearance at a very early period. These present the same appearance 
as tlie eyes and the cars of the lower mollusca and other inferior ani- 
mals, and moreover j)resent a similar organization, being composed of 
two splicrieal vesicles enclosed one within the other. That the young 
polyj) possesses these organs of relation with the external world is 
undeniable, although no traces of them remain when the animal has 
acquired its full development ; but what is still more surprising, accord- 
ing to the researches of VanBcncden, coexistent with these instruments 
of sense, there are perceptible a muscular system and an apparatus of 
nerves and nervous ganglia which, like the preceding, are only of a tem- 
porary character. While the young polypjjis still enclosed in its cell, two 
bands, apparently composed of muscular fibre (fig. 48, f, d), make their 
appearance ; these run from one margin of the disk to the opj)ositc 
edge, crossing cacji other at right angles, in the centre, so as to present 
a cruciform arrangement. These bands are quite isolated, and their 
muscular fibres distinct and transparent. By their action the margins 
of the disk are approximated, enabling these little animals to imitate 
the movements so characteristic of the Medusa). 

(264.) Situated upon the course of the bands above described, close 
to the edge of the vitelline sac, are little rounded bodies (fig. 48, f, e e), 
presenting an irregular and slightly tuberculated surface, considered by 
Van Benedcn to be nervous ganglia. These little bodies are four in 
number. No filaments of intercoiftmunication or nervous cords have as 
yet been detected even proceeding to the organs of sensation, but the 
ganglia seem to be adherent to the muscular bands apparently by the 
intermedium of nerves. 

(265.) It may appear a little rash, says the eminent observer to 
whom science is so much indebted for these researches, to speak of 
muscles, nerves, and organs of sensation in the embryo of a polyp, 
which at a later period presents no traces of the existence of such ap- 
paratus ; nevertheless the polyp, dui-ing its free state, must necessarily 
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require such iiistrumeuls of sense, to eniibh; it to select ii siliuiiioii 
adapted to the reception of the new colony to which it gives hirth : 
when once it lias made (*hoicc of a fit locality, such organs hcconu! as 
useless as they were formerly needful, seeing that all the functiniis ol 
life arc restricted to those of alimentation and rc^p reduction. 

(2r)().) The young Campanulario', arrived at this stage of di'Yclo])- 
ment, abandon the ovarian vesicle of the jiariait iiolyjaVT swim 
freely about in the surrounding medium, exactly resembling so many 
young Medusa) (tig. 4S, o). 


CHAPTER VI. 

TIYDEOZOA {contmiied). 

Acalepue (Cuv.). 

(267.) The ocean, in every climate, swarms with infinite multitudes of 
animals which, from their minuteness and transparency, are almost as 
imperceptible to the casual observer as the Infusoria themselves ; theii* 
existence, indeed, is only indicated by the phosiihorescence of some spe- 
cies, which being rendered evident on the slightest agitation, illuminates 
the entire surface of the sea. All, however, are not equally minute, some 
growing to a large size ; and their forms are familiar to the inhabitants 
of every beach, upon which, when cast up by the waves, they lie like 
masses of jelly, melting, as it were, in the sun, incapable of motion, and 
exhibiting few traces of organization, or indications of that elaborate 
structure wliich more careful examination discovers them to possess. 
Their uncouth appearance has obtained for them various appellations by 
which they are familiarly known, as Sea-jelly, Sea-blubber, or Jelly- 
fishes ; whUst, from disagreeable sensations produced by handling most 
of them, they have been called Sea-nettles, Stingers, or Stang-fishes. The 
fixculty of stinging is indeed the most prominent feature in their history ; 
so that their names in almost all languages are derived from this cir- 
cumstance. They wore known to the older naturalists by the title of 
Urticch mca'ince ; and the word at the head of tliis chapter, aj)plied by 
Cuvier to the entire class, and originally used by Aristotle, is of similar 
import a nettle). 

(268.) There are few subjects which come under the observation of 
the physiologist more calculated to excite his astonishment than the 
history of these creatures. If ho considers, in the first place, the com- 
position of their bodies, what does he find ? An animated mass of sea- 
water ; for sxich, in an almost literal sense, they arc. Let him take an 
Acaleph, of any size, and lay it in a diy place ; it xvill be found gradually 
to drain awaj^, leaving nothing Iw^hind but a small quantity of trans- 
parent cellular matter almost as delicate as a cobweb, which apparently 
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formed all tlie solid framework of the body, and which, in an animal 
weighing live or six pounds, will scarcely amount to as many grains ; 
and GV(‘n if the water whic.h has escaped from this cellulosity be col- 
locded and examined, it will bo found to differ in no sensible degree from 
the element in which the creature lived. The conclusion therefore at 
which ho naturally arrives is, that, in the Acalcphoc, the sea-water col- 
lected and dei) 4 )sited in the delicate cells of an almost imperceptible film 
becomes, in some inscrutable manner, instrmuental to tlic exercise of 
the extraordinary functions with which these creatures are endowed. 

(2()9.) The Acaleph.v. have been divided by zoologists into groups 
distinguished by the nature of their moans of progression : in describing, 
therefore, the organs of locomotion, with which we commence their his- 
tory, the reader will be made acquainted with the principal modifications 
of outward form exhibited by various races of these interesting beings. 

(270.) PuLMONiGiiADA. — Tlic most ordinary examples of the Acalephae 
found in our climate, when examined in their native element, are seen 
to be composed of a large 
mushroom-shaped gelati- 
nous disk, from the in- 
ferior surface of which 
various processes are pen- 
dent, some serving as 
tentacula, others for the 
prehension of food. In 
lihizostoma (fig. 49) the 
central pedicle resembles 
in structure and function 
the root of a plants being 
destined to absorb nou- 
rishment from the water 
in which the creature 
lives. The body of one of 
these Medusa) is specifi- 
cally heavier than the 
water of the ocean, and 
would consequently sink but for some effort on the part of the animal. 
The agent employed to sustain it at the surface, and in some measure 
to I’ow it from place to place, is the umbrella-shaped exp.ansion or disk, 
which is seen continually to perform movements of contraction and dila- 
tation, repeated, at regular interv’^als, about fifteen times in a minute, hav- 
ing some resemblance to the motions of the lungs in respiration, whence 
the name of the order {pulmo, the lung; f/mdior, I advance). By 
these constant movements of the disk, the Medusa can strike the water 
\Wth sufficient force to ensure its progression in a certain direction when 
swimming in smooth water; but of course such efforts arc utterly ineffi- 


Pig. 49. 
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cient in stemming the course of the waves, at the mercy of which these 
animals float. The tentacular appendages, sitmited around the nuu'gin 
of the disk in such species as arc provided with these organs, are likt'wdsc 
capable of contractile efforts, and may in some slight degree assist as 
agents of impulsion, although they arc destined to the exercise of other 
functions. The locomotive disk, when cut into, seems perfectly homoge- 
neous in its texture, nor is any fibrous appearance easily :^’ecognizal)le, to 
which its movements could bo attributed ; nevertheless in the larger 
species its . inferior surface appears corrugated, as it were, into minute 
radiating plica?, which seem to contract more encrgetieally than the other 
j)ortions, and resemble a rudimentary development of muscular flbre. 

(271.) In the Acalcphm, indeed, the substance of the body is gene- 
rally entirely soft and gelatinous, emulating, in the delicacy of its tex- 
ture and perfect translucency, the structure of the vitreous humour of 
the eye, its entire organization a 2 )parently consisting of a trans})arent 
aqueous fluid contained in innumerable polyhedral hyaline cdls. In 
some S 2 )ecies, however, certain parts of the animal are of semicartilagi- 
noiis tissue ; and in a few instances cartilaginous or calcareous lamella? 
arc found imbedded in their substance, which may be conqjared to a 
rudimentan^ pol 3 'pary or internal skeleton. 

(272.) Citcrosting as these creatures may justly be considered when 
we contemplate the singular beauty of their external configuration and 
the wonderful design cons 2 ucuons in their locomotive organs, a more in- 
timate acquaintance with their habits and economy will bo found to 
disclose many facts not less curious in themselves than important in a 
physiological point of view. In the higher animals, wo arc accustomed 
to find the nutritive apparatus composed of several distinct systems — 
one set of organs being destined to the prehension, of food, another to 
digestion, a third to the absorption of the nutritious parts of the aliment, 
a fourth provided for its distribution to every part of the body, and fi 
fifth destined to ensure a constant exposure of the circulating fluid to 
atmospherical influence ; these \’ital operations are carried on in vessels 
specially appropriated to each ; but in the class of animals of which we 
are now speaking, we find but a single ramified cavity appropriated to 
the performance of all these functions, and exhibiting, in the greatest 
possible simplicity, a rough outline, as it were, of sj^stems afterwiirds 
to be more fuUy developed. 

(273.) In the Pahnonigrade AcaJejdm we have the best illustration of 
this arrangement : in these, the stomach or digestive cavity is excavated 
in the centre of the disk, and is sup 2 )lied with food by a mechanism that 
differs in different species. In Bhizostoma (fig. 49), which receives its 
name from the nature of the communication between the stomach and 
the exterior of the body*, the organ destined to take in nourishment 
consists of a thick pedicle, composed of eight foliated divisions, which 
* pi^a^ a root ; trrofia, a mouth. 
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hang from the contro of the disk. Each of these appendages is found 
to contain ramifying canals, opening at one extremity by numerous 
minute apca'turcs upon the external surface, whilst at the opposite they 
are collected into four large trunks communicating with the stomach ; 
as the llhizostoma, therefore, floats upon the waves, its pendent and 
root-like pedicle absorbs, by the numerous osculcs upon its exterior, 
such food as may be adapted to its nutrition, finding most probably an 
ample provision in the microscopic creatures which so abundantly people 
the waters of the ocean. The materials so absorbed are conveyed 
through the canals in the interior of the arms into the stomachal cavity, 
where their solution is effected. 

(274.) But it is not upon this humble prey that some of the Medusae 
feed ; many ar(^ enabled, in spite of their apparent helplessness, to seize 
and devour animals that might seem to be far too strong and active to fall 
victims to such assailants : Crustacea, worms, mollusca, and even small 
fishes are not unfrcquently destroyed by them. Incredible as this may 
seem when we reflect upon the structure of these feeble beings, obser- 
vation 2 )roves that they are fully comjietent to such enterprises. The 
long tentaeula or filaments with which some arc provided, form fishing- 
lines scarcely less formidable in arresting and entangling jirey than 
those of the Hydra ; and, in all probability, the stinging secretion which 
exudes from the bodies of many species sjx^cdily paralyses and kills the 
animals which fall in their way. The mouth of these Acalcphtc is a 
simple aperture leading into the gastric cavity, and sometimes sur- 
rounded with tentaeula, that iirobably assist in introducing the food 
into the stomach. 

(275.) In Cassiopea 
Borhonica, the puincipal 
agents in procuring nou- 
rishment arc numerous 
rcti’actilo suckers (fig. 5(1, 
a)f terminating in small 
violet - coloured disks, 
which are dispersed over 
the fleshy appendages to 
the imder surface of the 
body ; the stem of each of 
tjiesc suckers is tubular, 
and conveys into the sto- 
mach nutritive materials 
absorbed from animal 
substances to which they 
are attached during the c«Biop.a Dorbonia.. 

process of imbibing food. 

(276.) The above examples will suffice to give the reader an idea of 
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the most ordinary provisions lor obtaining nourishment mot with in the 
Pulmonigrada ; we will therefore return to oonsider the struoturo ot 
the stomach itself, and of the canals that issue from it and conve^y the 
digested nutriment through the system. In Gemiopea B(>y^>onica, 
which win serve to exemplify the 
general arrangement of these parts Pig- 

in the whole Order, the stomach 
(fig. 51, h) is a largo cavity 
placed in the centre of the inferior 
surface of the disk, and is ap- 
parently divided into four com- 
partments by a delicate cruciform 
membrane arising from its inner 
walls. Into this receptacle all 
the materials collected by the ab- 
sorbing suckers are conveyed 
through eight largo canals, and 
by the process of digestion be- 
come reduced to a ycUowish semi- « , . 

rt.-, I j. CaBsiopea Borbomca. 

fluid pulpr matter constituting 

the pabulum destined to nourish the whole body. From the central 
stomach sixteen largo vessels arise (fig. 51, c), which radiate towards 
the circumference of the disk, dividing and subdividing into numerous 
small branches' that anastomose freely with each other, and ultimately 
form a perfect plexus of vessels as they reach the margin of the mush- 
room-shaped body of the creature. The radiating vessels are moreover 
made to communicate together by means of a circular canal (fig. 51, e) 
which runs round the entire animal, so that every provision is made 
for an equable diffusion of the nutritive fluid derived from the stomach 
through the entire system. I?'ow, if we come physiologically to inves- 
tigate the nature of this simple apparatus of converging and diverging 
canals, we cannot but perceive that it unites in itself the functions of 
the digestive, the circulatoiy, and the respiratory systems of higher 
animals : the radiating canals, conveying tlie nutritive juices from the 
stomach through the body, correspond in ofiico with the arteries of 
more perfectly organized classes ; and the minute vascular ramifications 
in which these terminate, situated near the thin margins of the loco- 
motive disk, as obviously perform the part of respiratory organs, inas- 
much as the fluids permeating them arc continually exposed to the 
influence of the air contained in the surrounding water, the constant 
renewal of which is accomplished by the perpetual contractions of the 
disk itself. 

(277.) The umbrella-like disk of Cyanea mirita, whose anatomy has 
been most carefully studied by Ehrenberg, is composed of a highly 
organized gelatinous substance invested by three membranous intogu- 
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mcnts, tho structure of which is by no means so simple as has been 
generally imagined. The exterior of these tegumentury membranes, 
covering tho convex surface of the disk, consists of a dense tissue made 
up of hexagonal cells containing a soft whitish substance mixed up 
with little granules, and presents upon its outer surface innumerable 
little suckers or agglomerations of granular bodies, which are visible to 
the naked eye.* 

(278.) The concave or ventral suriace of the disk is furnished with a 
double investment, consisting of an outer and inner layer, the external 
of which resembles in its structure the dorsal membrane described 
above, and constitutes a sort of epidermic covering. The inner layer, 
which in its intimate texture likewise consists of hexagonal cells, 
encloses nothing but a number of isolated granules, clear and translu- 
cent as water. Tho interspace between this inner layer and tho 
dorsal integument is considerably greater than that which separates it 
from tho ventral surface ; both these spaces, however, are filled up with 
a clear gelatinous mass, wherein are distinguishable numerous isolated 
granular bodies, of a rounded shape and of unequal ske, that seem to 
bo all connected with each other by fibres or extremely delicate vessels, 
and not supported by expansions of cellular membrane. !Ufie rest of 
tho gelatinous mass is too transparent to allow any organization to be 
detected ; this, however, is in small proportion, and encloses the large 
vessels belonging to tho nutritive apparatus, immediately to bo described. 

(279.) The opening of tho mouth is situated in the ^centre of tho 
lower surface of the disk, between the four arms suspended from that 
portion of tho body. Tho mouth itself consists of a short quadrangular 
tube, from the angles of which tho arms aro dependent. Each arm is 
composed of a thiok central cartilage, whercunto are attached two 
membranous lamina), variously plaited and puckered throughout their 
entire length, and moreover at certain seasons gathered into little 
pouches or pockets, to bo hereafter mentioned in connexion with the 
generative apparatus. 

(280.) Superiorly tho oral aperture terminates in four short tubes 
arising from its four angles ; and these, diverging, mount upwards, 
supported by a cartilaginous prolongation derived from tho central 
supports of tho arms. These four tubes evidently represent the oeso- 
phagus and lead into fom’ ample stomachs of a subglobular shape, 
which aro smooth internally and lined by a special membrane, wherein 
may be seen numerous little granular bodies, but no vessels. 

(281.) Erom the above stomachal cavities proceed several largo 
canals that diverge towards the circumference of tho disk, and consti- 
tute a part of the digestive ap 2 )aratus. One of these vessels arises 
immediately from the dilated portion of each oesophageal tube ; and 
these, dividing and subdividing dichotomously, ramify towards the 
margin of tho disk. Erom each of the four stomachs three other 
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large canals take their origin, and run in the same direction ; of these, 
the two lateral ones are simple and unbranched, but that in the centre 
ramified dichotomously. These sixteen large vascular trunks, together 
with all their numerous ramifications, sometimes anastomoticaUy united, 
ultimately terminate in a wide circular vessel that surrounds the 
margin of the disk. The nutrient canals are situated beneath the 
inner membrane, described above, whereby they are partially enclosed 
and supported. 

(282.) Before closing our description of the alimentary system of the 
Pulmonigrade Acalcphac, we must mention some accessory organs, of 
recent discovery, which are in connexion with it. Eschseholtz* de- 
scribes a scries of elongated granular bodies, placed in little depressions 
around the margin of the disk, which seem to be of a glandular nature, 
and apparently communicate by means of minute tubes with the nu- 
trient canals : these ho regards as the rudiments of a biliary system. 
Other observers assign a similar office to a cluster of blind sacculi or 
ca5ca, which are connected in some species with the commencement of 
the radiating tubes ; it is, however, scarcely necessary to observe that 
such surmises relative to the function of minute 2)art8 are but little 
satisfactori-. 

(283.) Prior to the publication of Ehrenberg’s important researches 
relative to the anatomy of the Cyanea aurita'\f it was generally 
believed that in the Pulmonigrade Medusse the alimentary canals were 
unprovided mth any cxcrementitious orifices ; these, however, were 
discovered by the illustrious Prussian observer, occupying the situations 
indicated by eight dark-brown- coloured spots situated at equal dis- 
tances around the margin of the disk, and which had previously been 
suspected to be the analogues of a biliary organ. By keeping the 
living Medusa) for some time in sea- water deeply coloured with indigo, 
and thus causing all the ramifications of the alimentary apparatus to 
become filled with the coloured fluid, while the rest of the body re- 
mained transparent and colourless, it appeared that, opposite each of 
the above-mentioned spots, the circular marginal canal into which the 
nutritive tubes, radiating from the stomach, empty themselves becomes 
dilated into a sort of cloacal cavity, in which tlio debris of digested 
materials, such as the shells of piiuutc Conchifera, Eotifera, Bacil- 
Jaria, &c., were easily distingmshable ; from each of those cloacal dila- 
tations, canals can readily be traced communicating with the exterior ; 
and on irritating the living animal, it is easy to witness the discharge 
of cxcrcmontitious matter througli the eight marginal oiiiices of the 
disk. 

(284.) A distinct movement is frequently perceptible in the interior 

S 3 ' 8 toindorAcalephen. Berlin, 1822. — Annalosdcs Sciences Naturolle8,vol.xxviii. 
p. 2.“)l. 

f Abhandl. der Kiinigl. Akad. dor Wissonschaften zu Berlin, 1835. 
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of the ramifying alimentary tubes, which has been mistaken for a 
circulation, but which is merely the effect of ciliary action, or of peri- 
staltic movement in the walls of the intestine. 

(285.) Up to the period when Ehrcnberg made the important re- 
searches we are laying before the reader, relative to the anatomy of 
these creatures, it was impossible to account for the capability of loco- 
motion which the Pulmonigrade Acalephee evidently possess, but which 
his researches servo to render perfectly intelligible. The canals 
formed by the ramifications of the alimentary apparatus he observed 
to bo all bordered by two delicate lines of a pale red colour, which, 
under the microscope, are evidently of a muscular character ; by the 
contractions of these, therefore, the most important movements of the 
animal are accomplished. Besides the above, however, other muscles 
are discernible. In Cyanea the disk is surrounded with a fringe of 
tcntacula, each of which exhibits at its base a muscular structure ; 
consequently the possession of muscular fibre is evidently established 
as a part of the economy of these animals. 

(286.) It is very probable that the older writers, who speak of a 
circulation of blood in the Medusae, only alluded to the movements ob- 
servable in the contents of the intestinal ramifications; it appears, 
however, from Ehrenberg’s observations, that in the Medusao there 
exist distinct globules, which are of a uniform round shape, enclosed in 
distinct vessels, wherein a kind of circulation is carried on ; these glo- 
bules lie describes as being colourless, spherical, simple, and varying 
from ^-J^rth to 7 {-J",yth of a line in diametcA^ 

(287.) Although the Medusae have always been admitted to possess 
considerable sensibility, no traces of a nervous system had been de- 
tected in their soft' and delicate tissues until Ehrcnberg pointed out a 
structure apparently of a nervous character. On carefully examining 
the eight brown- coloured spots which are disposed at equal distances 
around the margin of the disk (fig. 48, /), he found them to present a 

very elaborate and remarkable organization. Each of these coloured 
spots is seen, when accurately observed, to be composed of a little 
button-like appendage, of an oval or cylindrical shape, attached to the 
extremity of a slender pedicle, which in turn takes its origin froir^ a 
kind of vesicle, wherein may be perceived, by means of the microscope, 
a glandular-looking substance. On the dorsal aspect of each of the 
pedunculated bro-wn- coloured appendages is situated a distinctly marked 
round spot of a bright rod colour, supposed by Ehronborg to be an 
ocular organ, while ho considers the glandular-looking substance above 
mentioned to constitute a nervous ganglion. In addition to this ar- 
rangement, he considers that there exist, running all along the margin 
of the disk, in each of the intci’spaccs between the marginal tentacles, 
a scries of ganglia of a similar character, giving off nerves to the ten- 
tacula, whilst other ganglia are to bo detected in the tentacular append- 



112 


HYDEOZOA. 


ages situated in the vicinity of tin? a)S()i)hagus, as v^cll as in the o\nferciis 
cavities. In short, he states the general distribution of the nervous 
matter in the Medusiform Acalephae to be as follows : — Four groups of 
nervous ganglia are situated around the oesophagus in the oviferous 
cavities close to the ovaria, which are in communication with as many 
groups of tentacula. Upon the outer border of the disk, close to the 
base of the maiginal tentacles, is another series of noevous nodules, 
interrupted at regular intervals by the eight brown-coloured corpuscles. 
Lastly, there exists a series of isolated ganglionic masses, eight in num- 
ber, situated at the bases of the supposed ocular organs, to which they 
give off nervous filaments. 

(288.) The so-called ocular organs, named byEhrenberg unhesitatingly 

pedunculated eyes,’^ present a very remarkable structure. Each “ pe- 
dunculated eye ” is directed towards the dorsal aspect of the disk, and 
has, situated beneath its lower surface, a minute sacculus of a yellowish 
colour, but variable in its shape, wherein is contained a number of solid 
crystals, clear as water, and which the action of acids proves to be com- 
posed of carbonate of lime. 

(289.) Not only however, but ears also are conceded by modern 
naturalist^to these favoured occupants of the ocean. 

(290.) At the base of the marginal tentacula, or cirri, says Pro- 
fessor Eorbes*, there are present, in a gi’eat many of these animjils, 
coloured spots or bulbs ; and in some species these points arc so strongly 
coloured, that, from this circumstance iind their magnitude, they indi- 
cate the course of the animal when in motion, appearing like a circle 
of gems in the water. Wlicn these bulbs are examined with the mi- 
croscope, they arc found to contain a small cavity, cpiite distinct from 
any coloured matter that may be present ; the former is regarded by 
modern naturalists as an otoUtJiic vesicle^ the latter as an ocellus, or 
eye-spot. 

(291.) The otolithic vesicle, which, from analogj^ and its peculiar 
structure, is considered as an organ of hearing, is a small spherical sac, 
developed in the midst of the granular substance of the bulb, and (con- 
taining more or fewer minute vibrating bodies. Will has dcsciibed 
thi 0 otolithic vessel and its contents, as they arc found in Gen/onia, as 
follows : — The auditory vesicles arc seated in the course of tlic mar- 
ginal circular vessel, in very uncertain number ; usually, howovcu’, one 
at each side of the larger marginal cirri. They arc round, measuring 
of a line in diameter, and coiasist of a tolerably thick membrane ; tliey 
contain from one to nine, and even more, round globules. If there is only 
one, it is situated exactly in tlie centre of the vesicle ; but if there arc 
several, they arc found lying together, either in two groups, or joined to 
each other. I have never observed them move. Muriatic acid dissolves 
them, and causes the vesicle to burst.” The existence of similarly- 
Monograph on the Eritish Nukccl-cyed Mcdiisfe. 
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constnicted organs has been recognized in many other species by various 
observers. 

(292.) It was discovered by*Sars*, that 
certain forms of iiakod-eycd Medusae multiply 
their species by means of (jemmation, the buds 
being produced cither from the walls of the 
peduncle or f^^omachal proboscis, or from the 
surface of the ovaries. In both cases the 
now individuals were not different from, but, 
similar to, their parents; and in one in- 
stance, provision seemed to be already made 
in the newly-formed offshoots for continuing 
to propagate by the same mode other indivi- 
duals similar to themselves. Prom a certain 
part of the body roundish knobs grow forth, 
which gradually assume the shape of a bell, ^ . . 

. , , * A , , Lizzia octopunctata. 

by opomng themselves at the free end, and 

soon present the form of young Acalephs, being merely attached to the 
mother by moans of a short peduncle, derived from the back of the 
disk. These devolopo in themselves all essential organs whilst still 
attached to the mother, like the buds of a plant, until at length, after 
a certain time, they separate from the parent and swim about as inde- 
pendent individuals. 

(293.) Professor Forbes, in his admirable monograph upon the British 
Nuked-oyed Medusa), not only confirms the above important observa- 
tion of the Norwegian naturalist, but describes four different modes of 
gemmiparous reproduction as occurring in that group of the Acalcpha?. 
1st, gemmation frpm the ovaries, as noticed by Sars in Tliaumantlas 
multkirrata ; 2nd, a mode of gemmation from the pedunculated sto- 
mach, which he calls subsymmotrical, because in this case four gemma) 
are symmetrically arrangc^d round the peduncle, one of which is con- 
stantly in a more advanced condition of development than the other 
three ; 3rd, gemmation irregularly from the walls of a tubular pro- 
boscis — in which there is no order of development with respect to 
position, individuals springing indifferently from various parts of the 
peduncle (fig. 52) ; and a foui’th mode, which is very remarkable, in 
a new British species named Sarsia proliferay in which the buds are 
produced at the b.'iscs or tubercles of the four marginal tentacles, and 
hang from them in bunches like grapes. The degree of development 
is not equal in all four bunches, and in each case buds arc seen in very 
various stages of advancement, from embryo wart-like sproutings to 
miniature Medusae, simulating, in their essential characters, the parent 
animal. 

(294.) We have already seen, at the clo.se of the last chapter, that 
* Fauna Norvcgica. 
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tho progeny of the Hydriform polj’ps, during one phasis of their develop- 
ment, were strictly mediisoid in their form and organization ; and in 
like manner it is now incontrovertible established that tho Acalcphcc 
are, at a certain stage of their growth, to all intents and purposes 
Hydriform polyps, as will be immediately evident. 

(295.) The Acalephs are now universally admitted to bo bisexual ; 
and the generative apparatus in both sexes is invariahlj found to bo 
more or loss intimately in relation with the alimentary canal : that is to 
say, as in tho case of the, polyps, the reproductive organs are append- 
ages derived from the internal or nutritive system of tho body. In 
both tho males and females of the great majority of genera, tho testes 
of the former and the ovaria of tho latter are similarly disposed, and 
present externally precisely the same structure, consisting of duplica- 
tures of a delicate membrane, between which, in the case of the female, 
ova are developed in great numbers, generally of a rich ori nge or puqdo 
colour, so as to be conspicuously visible. In tho male Acaloph, instead of 
ova, the generative membrane scci’ctcs a vivifying fluid, rich in sperma- 
tozoa, and consequently easily recognizable under the microscope. 

(296.) In Gijanea aurha the generative apparatus of tho female con- 
sists of four membranous ovaria, easily recognizable on account of their 
bright colour, which i.s usually \iolet, or deep yellow. Theh* form 
is generally semicircular 
(fig. 53), and they are 
lodged in as many distinct 
cavities, situated in the 
immediate vicinity of the 
central stomachs. Each 
of these cavities com- 
municates freely uitli 
the external clement by 
means of a large roimd 
or oval orifi(.‘e, furnished 
internally with tcntacida 
having suckers at their 
extremities (fig. 53, d.) 

Tho four semicircular 
ovaries are each com- 
posed of a simple con- 
torted tube (fig. 53, a,h ) : 
when full of eggs, its 
colour is a beautiful vio- 
let ; but when empty, or 
when the ova are only 
partially developed, a yellowish brown, 

(297.) The ova arc not retained in the ovaria during the whole time 
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1. Ovarmm of Ci/miea uurUa. 

2. Ciliated embryo ufLer its escape. 
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of thoir development, neither do they remain in the ovigerons cavity, 
but escape from the orifice of the latter into the surrounding water, 
from whence they are again taken up by the tentacula and by the two 
Igmina) of the arms, and become lodged in little pouches fohned by the 
laminated margin, in which they undergo further metamorphosis and 
development. These ovigerous pouches are onlj met with at certain 
seasons, disappearing when their functions are accomplished. 

(298.) The eggs are of a rounded form and covered with a smooth, 
thin, membranous envelope whilst they remain in the ovary ; internally 
they are filled with a finely-granular mass of a \iolet hue. 

(299.) The ova contained in the arm-sacculi are destitute of any 
shell, and present themselves under three distinct forms, which are very 
remarkable. Some rescimble blackberries, and are of a pale violet hue ; 
others have the shape of minute thick disks, likewise violet, resembling 
little' Medusie deprived of arms and without any nutrient canals ; lastly, 
others are met mth (and these latter are the most numerous) whicli 
have a cylindrical shai)e, truncated at both ends, and of a brownish- 
yellow colour. The t^vo last-mentioned forms are densely covered ^vith 
cilia, and swim about with fiicility ; the largest among tliem measure 
about Lth of a line in diameter. ^ 

(300.) Sub.se(iu(uitly the ciliated embryos, escaping from their con- 
finement, dc^tach themselves from the cradles wherein they have been 
nursed up to this period, and swim freely about in the surrounding 
water until ripe for a further change in. their economy; they then 
settle down upon some foreign object, suerf as a piece of sea- weed, to 
which they attach themselves by one extremity (fig. 54, 3), assuming 
the appearance of a contracted Hjaka, but, as yet, unprovided cither 
with mouth or tciitacula; gradually, however, an oral aperture and 
stomiiclial cavity, surrounded by tentacular oi'gans, become apparent ; 
and as these progressively increiise in number (fig. 54, 4, 5, G, 11), tlie 
little creature assumes completely the polyi^ form, and, what is still 
more wonderful, acquires in this early and, as it might be called, larva- 
condition of its existence the power of multiplying itself under the 
same shape, apparently ad mjinitmn, 

(301.) This kind of reproduction is effected by the development of 
stolons, gemmee, and hidUeis from^ any portion of the surface of the 
polypoid animal, which in turn give origin to similar offsets (fig. 54, 12, 
13, M), precisely resembling, when mature, the original ])olypoid body. 

(302.) The next phasis in the development of these Acalephs is one 
of the most remarkable circumstances connected with their history, 
and, were it not for the accumulated testimony of numerous observers, 
might appear jilniost incredible. The polyp, much in the condition 
represented at fig. 5d, 11, is immovably fixed by its basis to the surface 
of a Fucus, or some similar support ; in length it is about ^th, and in 
diameter j-\^th of an inch ; its surface is smooth, and its texture alto- 
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gether gelatinous ; its tentacles arc movable in all directions and ex- 
ceedingly irritable, and its whole .stnieturo and appearjincc, in sln^rt, 
that of a gelatinous polyp or Hydra. But a great change is now in pre- 
paration : the body of the Hydriform polyp gradually inoroascs in si/e ; 
and transverse folds begin to make their appearance at equal distances, 
one below the other, partitioning off its body into numerous lings or 
segments (fig. 54, 15). ' 


Fig. 54. 



Development of CiiaHoa capiVafa (after Sara, ‘ Annalea <les SeienceB Nutur(>l](‘S ' for 18-11, platea 
If) n, Ifi, & 17, pp. 10, no). 1. Young Aealephs neAvly hat'-hed (natural size)- IJ. One nmgnifiiai, 
showing infusorial eondition of development. .*1, 4, 0. The same animal now Ix'eomt* attnelu'd 

by a pedicle, and gradually assuming tho polypoid form. 7. A still more .advaneed eondition, 
showing the mouth 8urround<’d by numerous retracted tentacul a : tlu' mouth is dilated, exbibit- 
ingfonr longitudinal eminences, situated in the stomaclial cavity. 8. 'I’li 'same individual cut op< 
longitudimilly, and sj»read out so as to show tlx ‘ longitudinal <*mini ees in tlx* interior: the 
transverse lines are e.aused by the contraction of the body. P, 10. d'w polypoiil .■leal<*j)hs, with 
»lolowi developed from the upper part of the body : in %. 10 the stolon li is I>e>*onx' attached to the 
supporting surface, ll. rally- developed pclj-’p. 12. Another individiia giving off a stolon, from 
which proceeds a second that in like manner gives off a third offset. 12. Stolons growing off from 
the base of tho polyi>oid Medusa, which, creeping along the surface of tli inl)Btance to ^^hieh it is 
attached, give origin to new i)olyi)8, e, A 14. Three young geninim H))r( iiting from the hoily of a 
pol 37 )oid AeaJeph. lo. A polj’jioid larva magnified (the natural size is shown at Ion), having its 
body divided by numiTons transverse wrinkles. 

(303.) In the course of a short time the segments thus formed be- 
come surrounded with marginal rays dichotomonsly divided at their 
extremities. These rays or arms arc free, having their apices directed 
upwards, and disposed with such regularity that the once polypoid body 
seems to be furnished with eight longitudinal ribs (fig. 55, 10). 

(304.) We now arrive at tlio fourth period of the process, when the 
different segments into which tho original polyp has become divided 
separate from each other, so as to form so many distinct disks (PlanulcPj 
Dalycll), each of which on its separation becomes a complete animal. 
This separation commences at the upper extremity of tho series of 
newly-formed beings, and is repeated, segment after segment, towards 



DEVELOPMENT OF CVANEA CAPILLATA. 


117 


tlio bas(^, oacli segment as it becomes detached presenting the form, 
characters, and attributes of a free Aealeph, and in this condition as- 
suming an independent existence, under the appearance rci)rescntcd in 
fig. 55, 17, a. 



Transformation from tlu* itolypoicl form to the third, or Aealeph, condition (after Sars), Id. The 
jiolypoid larva, (KJf/, natural size) in a more advanced state, now dividc'd into 8ejfment.s piled upon 
eaeh other, each of which i.s a yoitng Afedusa, having its disk surrounded with raclgiting processes 
hifureiited at tludr ( xtremities. Theses segments becoming detached one by one from tluf summit 
of the i>ile 8uee(‘MHively, asHunu' the medusiform condition. 17. Another example, in jirognss of 
division, in wliieh only four segments remain undetached, and of these the three uj'pv*niiost arc at 
thi^ point of flejiarution. 17 a. A segment of the preceding detaelied, now beeomi* a free Aealeph : 
it is rei)re8»‘nted as seen from below, and already exhibits jb its cemtre the square oral orifice, 
rouud which are i)eret‘ptil)lo rudimentary tentacuhi, together with the radiating nutritivi' canals, 
fee. 18. The same, in a still more advanced stage, exhibiting the rudiments of margijnd tentaeuhv. 
lit. The same, ai'rived at its iierfeot form, furnished w'ith its four bucfjal arms, now completely di- 
\ided and pendent, and fully [irovidod with the marginal tt!utach“8 of the adult. 

(305.) The now free Acalcjih, tho disk of which is not as yet much 
more than Lth of •an inch in diameter, exhibits, when magnified, the 
chanicteristic organization of a true Medusa, — tho oral orifice (fig. 50, a), 
the positions of the ovaria f), the radiating nutritive canals, c, the 
circular marginal vessels, d, the oculiform points, e, tho antil aper- 
tures, /, and the rudimentary tentacula surrounding the disk, g g, being 
all easily recognizable. The Medusa being thus far complete, its 
further advance is rapid, the ra)’s become gradually shorter in propor- 
tion to the disk, tho marginal tentacles are more and more developed, 
and at length the young Acalcjih, Qomplcto in all its parts (fig. 55, 19), 
will in time, by the iiroduction of multitudinous ova, give birtli to 
another generation, destined, during their development, to exhibit a 
parallel senes of changes. 

(30G.) In some of the Medusie which are destitute of a central pe- 
dicle, such as Cuvieria carisochroma (fig. 57), the arrangement, both of 
tho alimentary and generative apparatus, is considerably modified. In 
yEquorea violacea, examined by Milnc-Ed wards*, the gastric cavity, 
which is very large, occupies nearly a third of the whole diameter of 
* Alin, cles fcjci. Nut. for 1841. 
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tile disk ; the oriil aperture, instead of being pedunculated, is simply 
surrounded with a mem- 

branous border, hanging ^ 

loosely down when in a / f \ 

state jpf repose, and so X. i K 

short as to be quite in- T \ f /" ) 

adequate to close the \ | V^^r Y t ' 

opening of the mouth. 

Suiieriorly this membra- '■ 

nous border is attached ^ < J. ‘ i ^ 

to a ring, slightly more 

callous in its structure ■ ' ■' - '' 

than the rest of the body, ' 

immediately above which ' Y { X. \ 

is a circle of tolerably 

wide orifices placed very X ^ ^ 

close to each other, all \ j j 

of which lead into radi- '\J Lx 

ating canals that diverge Young Medusa (after Stirs), rf, the luoutli, surrounded 
.T . /« with the as yet undeveloped bueeal arms ; 6 6 6 ft, ovnria, or 

towards ^e circumie- testes; c, radiating nutritive canals; d, marginal circle of iiu- 
rence of the disk. These ; e, oculifonn organs ; ///, anal apertures situ- 

, , /» . ated on the margin of the disk, 

canals, seventy-four m 

number, becoming narrower as they 
recede from the stomachal cavity, run 
in straight lines to terminate in a 
circular vessel that surrounds the disk 
near its margin, from which little ■* 
canals arc given oif, apparently ana- 
logons to the emunctorj" vessels above 
described as existing in Medusa aurita. 

(307.) The generative system in 
JS(pto)'ea is in relation with this 
arrangement of the nutritive canals. ^ (j Ja 

Arising from the under surface of the m i!: I/// IJJ( ‘ ' ' ' ' ' . ' ■ 

disk there are numerous membranous ^ ]. .[I (. ' ■ ' • ; 

lamellm disposed in a radiating man- ! ' ■■ ' { ' 1; i I IMjLij 

ner around the gastric cavity. These 
lamella) seem to ho susiiendcd from \ 'liiv 

beneath each radiating canal; con- i, | m ( |lj(Y 

sequently they are seventy-four in ,L, .■ , ' i 

number ; and being much folded upon I ' • ■ ' | * ( ( [ !j In ' ' il 1 1 1 '/ ^ '' 

thcm-selves, each has the appearance jjl j. / '!|l/i 'ri'iiY'l 

of being fonned of a double mem- H // /// i*' I'llY'i'l' ' 
brane. In their interior they exhibit ^’n' ii ria carisochroma. 

numerous stria) of a violet hue, which the microscope shows to con- 
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1, D. CuviiTia carisochroma. 
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stitiitc ilio gcncrutivo uppfiraius. In some individuals these folded 
lucmhrancs enclose the ova, and in others contain a fluid filled with 
spin niatozoa ; so that they evidently represent the ovaria and testes of 
these Aealephs. 

(iiOtS.) CiLiocKADA. — In the CiVwyrade Acalephm (Ctk^'oi'houa), the 
oi*g;anH of motion consist of narrow bands of vibratile cilia, variously 
disposed upoR the surface of the animal. 

(iiOD.) In the globular forms of the Beroes (fig. 58), these cilia are 


Fig. 58. 



1. Cydippe pilous ; a, tcntacula unfoldod. 2. Supposod nervous systt'm. 3, 4. Isolated cilia. 

arranged in eight longitudinal rows, and appear to bo attached to sub- 
jacent arches of a fimer consistence than the rest of the body. They arc 
generally quite naked, but in Pandora arc lodged between folds of the 
skin, which afterwards close over and completely conceal them ; their mo- 
tion is extremely rapid, and sometimes only recognizable by the currents 
they produce, or ^y the iridescent hues that play along the arches. 

(1510.) The arrangement of the locomotive apparatus appended to 
the eight longitudinal costal bands is extremely beautiful. The series 
of vibratile fringes is attached to a row of minute transverse ridges, 
dis])oscd almost like tlie steps of a ladder, and, moreover, in their essen- 
tial structure they differ very materially from vibratile cilia of the 
ordinaiy' character. In shape they arc not filiform, but resemble 
membranous laniinm deejily fringed around their free margin, having 
the shape of so many little semi-oval pallctts. The movements of tliese 
flabelliform appendages are very rapid, and are seldom interrupted while 
the animal is in vigorous health ; the slightest contact, however, is suffi- 
cient to stop tht'm. The different lamiiue, moreover, belonging to the 
same row arc quite independent of each other ; neither does interference 
with one produce the slightest effect upon the action of the rest. The 
animal, nevertheless, seems to posse.ss the power of arresting or con- 
trolling their motions at pleasure. It is lik(iudse remarkable that the 
vibratory movement is kept up for a very long time in fragments sepa- 
rated from the rest of the body, without at all changing its character ; 
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but it may bo observed that, in portions thus detached, the sensibility 
appears to be destroyed before tlic eontractile power, iiiasniueh as, after 
a certain time, the vibration is kept up uiiintcrmittiiigly in spite of such 
contact as would previously have caused a suspension of vibratory 
action. 

(311.) The cilia, which are placed on the longitudinal ridges, arc 
linear-lanceolate iii fom, flat, and not hollow. They are not webbed 
together, and have no communication with the vessels that run beneath 
the ciliary ridges. Each row of cilia is mounted on a transverse base, 
of a more solid texture and less transparent than the rest of the bod)'. 
The substance of this base consists of globules irregularly imbedded in 
a homogeneous substance. When one of the cilia of a Cydii^pe is cut 
off, it has of itself no poAver of motion ; but if the smallest portion of the 
substance of its base remains attached, it moves with great vivacity. 
Hence it is concluded that the ciliary motion is effected by undulatory 
movements of tliis peculiar tissue. 

(312.) In the jBcroeform Acalcphm, it would seem that the \dtal 
principle was equally diffused throughout every part of their fragile 
substance, Avloich the slightest violence is sufficient to break up into 
pieces ; indeed it is not uncommon to find the surface of the sea covered 
Avith fragme^its of their bodies, on which the locomotive cilia may stiU 
be seen in rapid action, producing, by their decomposition of the light, 
a splendid iridescent appearance. 

(313.) The capacious cavity that occupies almost the entire length 
of the body of the Beroe, and communicates freely with the cxtciior 
through the inferior orifice, is perfectly smooth internally, and consti- 
tutes a kind of Aride pharyngeal sac, at the bottom of Avhich is situated 
a transverse aperture guarded by two thickened lijjs, the texture of 
Avhich is firmer than that of the rest of the body. These lips only come 
in contact with each other near the centre of their free margins, and 
consequently leave on each side a gaping orifice. The cavity that they 
tiuis partially close is very’ small, and eAudcntly corresponds with the cen- 
tral stomach of the discophorous Medusae, and in like manner constitutes 
a central reservoir, from wlience the A’^ascular system is derived. 

(314.) The digestive receptacle is filled Avith afluid that is continually 
in movement, and Avhich may be seen to pass into two lateral tubes 
thrt soon each divide into four branches and, arriving at the surface 
of the body, terminate in eight longitudinal canals that convey the con- 
tained fluid to the cilia, which latter organs, as they are in constant 
vil)ration, appear to perform tlie functions of a respiratory apparatus. 
Erom the lateral parictes of each of the eight longitudinal costal canals 
there arise an infinite number of small vessels or transverse sinuses ; 
these, after intercommunicating Avith each other, are lost in the sur- 
rounding parenchyma Arrived at the margin of the Avide opening 
* Milne- Edwards, Ann. des Sei. Nat. turn, xvi., 1841. 
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situated at tlie inferior extremity of the body, the eight longitudinal 
trunks terminate in a transverse annular canal that communicates in 
its tui*n witli two vortical trunks much more deeply seated than the 
preceding vessels : these lateral vessels, mounting upwards, terminate 
in the stomachal cavity. 

(B15.) The vascular appai’atus above described is filled with a fluid in 
constant circiijation, in which may be perceived innumerable round 
colourless globules. The course of the current is directed from the 
inferior vascular ring through the eight superficial canals situated 
Ijencath the ciliated ribs towards the summit of the body, whence it 
subsc(|ucutly descends in a contrary direction through the two deep- 
seated trunks above described into the annular vessel, thus completing 
the circulatory round. The movement of the circulating fluid is tole- 
rably rai)id ; nevertheless no traces appear of any central organ of im- 
pulsion, ncuther do the vessels exhibit the slightest contractility; in 
some of the larger trunks, however, the presence of cilia is distinctly per- 
ceptible, by the agency of which the circulatory current is produced. 

(310.) From the researches of Jllilne-Edwards, it appears that the 
vascular system of the Beroeform Acalephs communicates with the 
exterior by means of emunctory canals analogous to the anal tubes 
situated on the margin of the disk in Medusa atirita, describ*ld above. 

In Beroe ForshahVd, Milne-Edwards was enabled to assure himself of 
the existence of two such outlets, situated not at the inferior margin of 
the body, as in other Acalephs, but at its upper extremity. When this 
portion of the animal is fuUy extended, it frequently occurs that a little 
ampulla suddenly makes its appearance on one side or the other of the 
terminal fossa, which, quickly increasing in size, exhibits in its interior 
movements of rapiej rotation ; then, suddenly opening at its summit, it 
discharges its contents and immediately disappears, leaving no traces of 
its excretory functions except a minute pore, which is easily distin- 
guishable. These excretory ampulla) communicate with the gastric 
cavity that forms the central reservoir of the vascular aj)paratus, and 
are evidently cmunctories through which feculent matters arc expelled. 

(317.) The body of the Beroes has generally been described as having 
the form of a bag open at both ends, — a mistake which is explicable 
from the circumstance tliat, when the aniuial is not comj)letely unfolded, 
its superior extremity is retracted and puckered up in such a manner as 
to give the a 2 )pcaran(ic of a wide orifice placed op 2 )ositc to that which 
•occupies the inferior extremity ; this appearance, however, is deceptive ; 
for if one of these Acalephs is carefully examined while swimming 
freely in its native element, it becomes evident tliat the supjioscd upper 
orifice is only a deej) cavity the bottom of which is furnished with a 
delicate contractile arborescent fringe, in the centre of which is situated 
a little pyriform papiUa, regarded as constituting an ocular ajiparatus. 

(318.) This oculiforiii speck, which is situated immediately in the axis 
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of the body, presents, at its base, a globular spot of a rod colour and 
granular appearance, in which are contained nunua’ous minute ciystal- 
line corpuscles. The wliolc apparatus is immediately connected with a 
minute rounded mass, a 2 )parently of a ganglionic character, from wliich, 
in some genera, filaments arc distinctly seen to issue. 

(319.) In Lesiteuria, for cxamjdc, on carefully examining the bottom 
of the Avido excavation that exists at the anterior extremity of the egg- 
shaped animal, four mammillated ijrocesses arc apparent, each occu 2 )y- 
ing the median line of one of the four principal lobes ; and in the midst 
of these is seen an ocuHforra tubercle, situated precisely in the axis 
of the body, which is remarkable for its bright red colour. It is of a 
spherical shape, and presents a granular surface similar to that of the 
brilliant rod spots distributed around the margin of the disk in the 
Medusa), which Ehrenbcrg designates the eyes. Immediately beneath 
the oculifom spot is situated a subpyriform body, which is apparently 
of a ganglionic nature ; its substance is more opakc than that of the 
neighbouring tissues, and from it proceed a great number of filaments, 
apparently of a nervous character. These form four fasciculi, which 
nm obliquely downwards towards the inferior and external margin of 
the principal lobes of the body ; some veiy delicate filaments appetir to 
terminate near the base of the accessory lobes; but the greater number 
are continued as far as the row of filiform appendages situated near the 
margins of the principal lobes, many of them apparently giving off 
ramifications in their course. Moreover, besides the above, a small lon- 
gitudinal filament may bo traced along the middle of each of the ciliated 
zones, probably of a nerv^ous character, and which give origin to a mul- 
titude of little filaments that arc distributed in a very regular manner, 
in fasciculi, beneath each of the little transverse ri^lgcs Avhercuj)on the 
vibratilo fringes are attached, as well as to the mid-spaces intervening 
between them : it Avould even seem that there is a little gtinglioii at the 
origin of each of those ciliary branches; butAvhether this bo the case or 
not is doubtful. At the ujqwr extremity of the body, the vertical or 
ciliary filaments arc jirolonged beyond the ciliated ridges, and becoming 
united in pairs, run toAvards the central ganglion situated beneath the 
oculiform s2)ot, Avith Avhich, in all probability, they communicate. 

(320.) From the above description it AviU be evident that the nervous 
system of Lesueuria differs widely in its arrangement from that supposed 
by Dr. Grant to exist in resembling more the arrangement 

of the nerves in the Tunicated MoUusca, Avith Avhich the Beroida) pro-* 
sent many natural affinities. 

(321.) The arrangement of the gencratwe system in the Eeroeform 
Acalephie is very imperfectly understood ; or perhaps avo ought rather 
to say that nothing is satisfactorily known concerning this i)art of their 

* Dr. Grant’s figure of tlio nervous system as lie supposed it to bo arranged in 
Ct/dippe pilciis, is givon in a proix'ding page, lig. .‘>7, 



CESTUM VENERIS. 


economy. Dollo Chiajc* states that, upon the inner surface of each 
of the eight ciliati'd ribs, there is discoverable a longitudinal oviduct, to 
both sides of ■which arc appended bunches of ovules, — an observation 
the accuracy of ■which is doubted by Milne-Edwards, -who finds, indeed, 
on each side of tlie ciliated bands a multitude of little racemose bunches, . 
of a rose colour, having the appearance of ovaria, but to whom it seemed 
that these bunches were contained in the substance of the walls of the 
body, and were simply dilatations of the lining membranes of the sub- 
ciliar}’ vascular canals, which, instead of communicating with a common 
oviduct, opened into the vessels themselves. 

(322.) From the researches of Willf, it would appear that these 
Acalephs are hermaphrodite, the generative apparatus consisting of 
elongated utricles, the testes being situated on one side and the ovaria 
on the other. Both sets of organs arc described as having a nodulated 
appearance, and from the nodulated part of each passes off an excretory 
duct, which runs towards the mouth ; but the terminal openings of 
these canals have not been made out. In Professor Grant’s description of 
Cydippe ;pileuSj of which a figure is given above (fig. 58, l), the ovaries 
arc said to consist of two lengthened clusters of small S2)herical gcmmules 
of a lively crimson-red colour, extending along the sides of the alimen- 
tary canal. It is evident, therefore, that further knowledgf relative to 
this department of the economy of the Beroes p still a desideratum in 
science. / 

(323.) The Centum Veneris (tig. 5U) is nearly allied to the Be roe in 
the arrangcraent of its nutritive ajjparatus, notwithstanding th(‘ diticr- 

Fig. 51). 



once of form observable in these Ciliogradc ^Icdusie. In Cesium, the 
digestive cavity, which is exceedingly short in comparison with the 

* Mem. sulla steria e auatomia degli Animali seiiza Vcrlebre, tom.iv. p. 12. 
f llora; lorgcst. }). oS. (ab. 1. Jigs. 22, 22. 
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length of the animal, passes transversely across the body in a straight 
line from one side to the other, as represented in the engraving ; but 
the details of its structure, and the nature of the vessels arising from 
it, will be best understood by a reference to the enlarged diagram of 
these parts given in the next figure (fig. 60). The mouth, i, is a rhom- 
boidal depression, seen near the centre of the body, between the two 
lateral rows of locomotive cilia, which extend from one end of the animal 
to the other. Prom the mouth arise two tubes, j j, which terminate 
in a globular cavity common to both (these would seem to constitute 
the digestive apparatus) ; and a straight narrow tube, o, prolong(^d to 
the opposite margin of the body to that which 
the mouth OLCupics, may be regarded as an 
intestine through which the residue of di- 
gestion is discharged. Prom around the oral 
extremity of the stomach, and from the glo- 
bular cavity in which the two principal canals 
terminate, arise vessels, 1 1 1, which diverge 
so as to form a cone, at the base of which 
they all empty themselves into two circular 
canals, one surrounding the mouth, and the 
other encircling the anal aperture, which 
precisely correspond vdth the vascular lings 
already described in the Beroe; and, from 
these, four long vessels, or branchial arteries 
as they might be termed, g q, arc jiro- 
longcd beneath the four ciliated margins all 
around the body. But besides these four 
nutritive vessels, two others, a? .r, arise from 
the anal ring, wliich run inwards towards Aiiimnt.wyai.iK.™iu8 of 
the centre of the animal, and afterwards 

assuming a longitudinal direction, serve to distribute nourishment to 
the median portions of the animal. The caeca, or blind tubes, n n, 
appended to the intestine, may possibly furnish some secretion useful 
in digestion, although perhaps we are scarcely wan’anted in saying 
decidedly that they are biliary organs*. 

(324.) Extraordinary as must appear the powers which the Acalepha) 
possess of seizing and dissolving other creatures apparently so dispro- 
j)ortioncd to their strength and the delicate tissues which compose 
their substance, there are other circumstances of their history equally 
remarkable, which, in the present state of our knowledge, are still more 
inexplicable. If a living Medusa be placed in a large vessel of fresh 
sea-water, it will bo found to secrete an abundant quantity of glairy 
matter, which, exuding from the surface of its body, becomes diffused 

* Dcllc Chmje, Meniorie per servire alia storia degli Animali senza Veriebre del 
regno di Napoli. 4to, 1 1 825. 
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through tho clement around it so copiously, that it is difficult to con- 
ceive whence materials can bo derived from which it can be elabo- 
rated. Of tho origin of this fluid we are ignorant, although certain 
glandular-looking granules, contained in the folds of the pedicle, have 
been looked upon as connected with its production. 

(325.) We arc equally at a loss to account for the production of the 
irritating secretion, in which the power of stinging seems to reside ; but 
it is observed that the tentacula seem to bo more specially imbued with 
it than other parts of tho body. Perhaps the most remarkable property 
of the Acalephae is their phosphorescence, to which tho luminosity of 
the ocean — an appearance especially beautiful in warm climates — is 
principally due. Wo have more than once witnessed this phenomenon 
in the Mediterranean ; and the contemplation of it is well oalculated to 
impress the mind with a consciousness of the profusion of living beings 
existing around us. The light is not constant, but only emitted when 
agitation of any kind disturbs the microscopic Medusa) which crowd tho 
surface of tho ocean : a passing breeze, as it sweeps over the tranquil 
bosom of tho sea, will call from the waves a flash of brilliancy which 
may be traced for miles ; the wake of a ship is marked by a long track 
of splendour ; the oars of your boat are raised dri])])ing with living dia- 
monds ; and if a little of tho water be taken up in the palm of tho 
hand and slightly agitated, luminous points are perceptibly diftused 
through it, which craaiiato from innumerable little Acaloplim, scarcely 
pcrceptil)le without tho assistance of a microscope. All, however, are 
not equally minute : tho Beroes, in which’ the cilia would seem to bo 
most vividly phosphorescent, arc of considerable size ; the Gestum Ve- 
neris, as it glides rapidly along, has the appearance of an undulating 
riband of flame scvwral feet in length ; and many of the larger Pulmoni- 
grado forms shine with such dazzling brightness, that they have been 
described by navigators iis resembling white-hot shot,” visible at some 
depth beneath th e surface . This luminousness is undoubtedly dependent 
upon some phosphorescent secretion ; but its nature and origin ai’e quite 
unknown. 

(320.) PiiYsooRADA. — In the third division of Acalcpha), denominated 
by Cuvier ‘‘ Acalephcs Hydrostatiques,” the body is supported in tho 
water by a very peculiar organ, or set of organs, provided for tho pur- 
pose. This consists of one or more bladders, capable of being filled 
mth air at the will of the animal, which are ai)pcndcd to the body in 
various positions, so as to form floats of sufficient buoyancy to sustain 
tho creature upon tho surface of the sea when in a state of distension, 
but, when partially empty, allowing it to sink and thus escape tho ap- 
proach of danger. In Phj/salia (fig. 61), known to sailors by the name 
of the ‘‘ Portuguese man-of-war,” the swimming-bladder is single, and 
of great proportionate size, so that when full of air it is exceedingly 
buoyant, and floats conspicuously upon tho waves. The top of tliis 
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bladder bears a crest, c, of a beautiful purple colour, that, presenting a 
broad surface to the wind, acts as a 
sail, by the assistance of which the 
creature scuds along with some ra- 
pidity. The air-bladder is endowed 
'with a considerable power of con- 
traction, and when carefully ex- 
amined, two orifices are observable, 
one at each extremity, rt, 6, through 
which, upon pressure, the contained 
air readily escapes — a provision for 
enabling the creature to regulate its 
specific gravity at pleasure, and 'vsdicn 
alarmed, at once to lessen its buoy- 
ancy by diminishing the capacity of 
its swimming-bladder, and to sink 
into the waves. The natui'c of the 
air with u'hich the little voyager dis- 
tends its float has not been accurately 
determined ; but it is undoubtedly a 
secretion ftrnished at pleasure when 
at a considerable distance from the 
surface, although the mode of its pro- 
duction is still unknown. 

(327.) CiRuroEABA. — The Cini- 
gradc Acalcpha3 form a very remark- 
able family, peculiarly distinguished by the possession of an inteimal solid 
support, or skeleton, secreted in the substance of their soft and dcli- 



‘sii.-uliu* float ; c, crortl ; 
c, iuic'Icuh; fj\ infl-rior 


cate bodies. InPorpita 
(fig. 02), this consists of 
a fiat plate of semicar- 
tilaginous texture (fig. 

02, 2), evidently depo- 
sited in thin secondary 
lamin8c,which gradually 
increase in size as the 
animal advances in 
growth, the inferior be- 
ing the largest and last formed. When examined after its removal from 
the body, this fragile skeleton is seen to be extremely porous or cel- 
lular ; and the pores being filled with air, it is specifically lighter than 
water — a circumstance that may contribute to the buoyancy of the 
creature even when alive. 

(328.) The lower surface of Porpita is furnished with numerous 
appendages called cirriy whereof some appear to be organs of prehension, 
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but perform also the office of oars, which, in this species, arc the prin- 
cipal a^^ents in prof^ression ; j^et in other Cirrigrada, as Velella and 
Italarla, besides the horizontal lamella that forms the whole skeleton 
of Poirpita, there is a second subcartilaginons plate, rising at right angles 
from its upper sui’face, and supporting a delicate membranous expansion, 
that rises above the water and exposes a considerable surface to the 
wind, so as to .form a very excellent sail. To perfect so beautiful a 
contrivance, in Itaiaria the crest is found to contain fibrous bands, ap- 
parently of a muscular nature, by the contractions of which the sail 
can bo depressed or elevated at pleasure. 

(J529.) IJipiiYEA. — Tlie last family of the Acalcphac derives its name 
from the singular api)caranco of the creatures composing it ; each ani- 
mal, in fact, seems to consist of two portions (a, fig. (>3, i, 2) so 
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slightly joined together, that it is by no means easy to understand the 
nature of the connexion between them. 

(330.) The body of those strangely-organized beings is composed of 
two polygonal, subcAirtilaginoiis, transparent pieces placed one behind 
the other, the posterior division being implanted more or less deeply into 
the anterior. These two divisions are invariably more or less dissimilar 
from each other ; nevertheless they offer this circumstance in common, 
that they are excjavated internally by a deep cavitj", which opens (exter- 
nally with a wide orifice of regular shape, although differing in form in 
each division. To these details of their general appearance must be 
added the existence of a long filiform appendage, which issues from 
the upper cavity of the anteiior cartilaginous portion, and which was 
regarded by Cuvier as the ovary. 

(331.) On more minute examination, there is recognizable in the 
anterior dinsion a visceral mass called the nucleus, which is made up of 
a proboscidiform oesophagus, terminated by a sucker-like mouth, and 
continuous with a stomachal cavity, whereunto are appended hepatic fol- 
licles of a greenish colour, and sometimes a little vesicle filled with air, 

(332.) Besides the above structiu'cs there may be remarked, towards 
tlie lower part of the body, another glandular-looking mass, probably 
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the ovary, which is connected with the long (ovigerous ?) filament abo\’o 
alluded to. The nucleus is contained in a proper cavity, generally 
distinct from the largo excavation that forms the locomotive apparatus, 
and is connected by filaments, apparently of a vascular character, to flic 
soft parts within the body. It has been already ri^markcd that this 
latter division is excavated by a large cavity that extends nearly through- 
out its entire length ; from the bottom of this cavity arises a jirolonga- 
tion, probably of a vascular character, which embraces the root of the 
(ovigerous ?) filament, and is apparently connected with the nucleus, 
from which, however, it may be detached by the slightest efibrt. 

(333.) The bodies of these strangely -constructed creatures arc so 
extremely transparent, that their presence is discoverable with great 
difficulty even in small quantities of sea-water. They arc generally 
met with at a great distance from land, abounding more especially in 
the seas of tropical climates. They swim with great facility, their an- 
terior or nuclear extremity being directed foremost ; while the water 
taken into their bodies, being forcibly ejected, by the contractions of 
their subcartilaginous parietes, through the wide apertures opening 
backwards, propels them through their native element. 

(334.) Whilst exercising this mode of locomotion, the long slender 
filament ^ove alluded to is extended behind, being partially lodged in 
a groove excavated in the posterior division of the natatoiy organ. It 
varies considerably in length, being highly contractile, so much so, in- 
deed, that it is sometimes completely withdrawn into the body ; and its 
structure is further remarkable from the circumstance that through- 
out its whole length it is furnished at regular intervals with minuto 
suckers*. But the true nature of this organ is very imperfectly known ; 
most probably it will be found to be analogous in its real character to the 
proligerous apparatus of the Salpee, to be described hereafter ; indeed, 
such is the evident relationship between the Diphyea and the Salpoid 
Tunicata, that it is very doubtful whether they ought not to be classed 
as members of that group. 


CHAPTER YII. 

IIELMINTHOZOA. 

(335.) Tnn Helminttiozoa, embracing the vast class of parasitic 
worms, may bo conveniently divided into two groups. First, those 
which live as parasites — the Entozoa, and secondly, those which are 
free and have an independent existence, as is the case with many of the 
Trematode Worms and the Tfrbellari^. 

* Quoy et Gaimard, Voy. do rAstrolabe. 
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(336.) Tho Entozoa, as tho name implies, are nourished within tlio 
bodies of other animals, from tho juices of which they derive their 
sustenance. It may naturally be supposed that, living under such cir- 
cumstances — deprived of all power of locomotion, debarred from the in- 
fluences of light, and absolutely dependent upon tho fluids wherein they 
are immersed for nutriment — the Entozoa have little occasion for that 
elaborate organization needful to animals living in immediate communi- 
cation with external objects. 

(337.) We find, therefore, among these creatures, certain races whoso 
structure is of the simplest character possible, in adaptation to the 
(‘ircumscribed powers of which they are capable. i''et, however ap- 
parently insignificant some of them may appear, they not unfrequently 
become seriously prejudicial to the animals wherein they are found, ])y 
the prodigious numbers in which they exist, or from their growth in 
those organs more especially essential to life ; and 
not a few of them, from their dimensions alone, Eig. 64. 

sometimes prove fatal, as may be supposed from 
a mere inspection of the annexed figure (fig. 64), 
representing an Entozoon developed in the ab- 
dominal cavity of a fish. 

(338.) There are probably no races of animals 
which are not infested with one or more species 
of these parasites, from tho microscopic infusoria 
up to man himself ; and sometimes several dif- 
ferent forms are met with in the same species, to 
which they would appear to be peculiar ; nay, in 
some cases the Entozoa Avould seem themselves 
to enclose other species parasitically dwelling in 
their own bodies. Neither is their existence con- 
fined to any particular parts ; they are met with 
in the alimentary canal, in the liver, the kidneys, 



the brain, the arteries, the broncdiial passages, tho 
muscles, the cellular tissue, and, in fact, in almost 


Liffitla smpIicMma in 
th(* al)rtominal cavii;}’- of a 
Minnow. 


all the organs of the body. 


(339.) The Ctjstiform Helminthozody generally known by the name of 
IljldatidSy are the simplest in stnusturo ; and with those, therefore, we 
shall commence our inquiry into the economy of these creatures. The 
Cmiurm cerehralis (fig. 65), one of tho most common, occurs in the 
brain of sheep, and is the cause of a mortal disease but too well known 
to the farmer ; it is likewise occasionaUj develoi)cd in other ruminating 
quadrupeds, and, by partially destroying tho cerebral substance, soon 
l^rovos fatal. This Entozoon, represented in the figure of ordinary size, 
consists of a delicate transparent bladder, tho walls of which, during 
the life of the creature, are visibly capable of spontaneous contractions 


on tho application of stimuli. To this bladder, or common body, are 
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appended numerous heads, which are individually fiirnislied witli an 
apparatus of hooks and suckers (fig. 05, 2, b), calculated to fix Iheui 

to the surrounding tissues. 

Fi^^ (Jo. 



1. (nat. sixo). 2. One lu*ml maguifhal : a, oral eirclrl of hooka; b, sucktTs. 


(340.) Tlic C^siicercif 
or common hydatids, 
agree in the main fea- 
tures of their structure 
with the Coonurus, hut 
arc provided -with only 
one head or oral orifice 
( fig. 00,2). These animals 
are found in almost all 
the viscera of the body, 
and not unfrcqucntly, 
especially in pigs, exist in 
great numbers, not only 
in the liver, which is 
their most usual seat, but 
in the cellular texture of 
the muscles, and even in 
the eyes themselves. The 
human frame is not free 
from their intrusion ; aiid 
wlien they abound, seri< ms 
consequences frequently 
result from theirprcscncc. 

(341.) Ckstotdea. — The Ttniirp^ or tape- worms, are among the most 


Fig. 00. 



1. Cj/n/iofrrux /t-Huirulll/i {nat. ti'ixv). 2. Jlriul magnified : 
a. fin-lf t of hooks ; h, suckers. 




TiENIA-SOLIUM. 






iiitcrcstiiig of the Sterclmiutha, whether wc consider the great size to 
\vliich they .sometimes 

attain, or their singular ^ig- ^7. 

construction. 8evcral 

species of these worms 1 

infest the human body, ^ 

and many otluvr forms of ^ ^ u 1 

them are met with in J^j 

arc usually found in CT” '•■?! Ift 
the intestinal passages, ■■ 

where, being am 2 )ly pro- 10 

vided with nutritious ^ . .. / ? M 

mensions, being not un- ^ 'ji'l 

usually twenty or thirty M 

feet in length; and some jlS 

have been met with much V ^ I j 

longer ; it is therefore It ^ M m ^ 

manifest how prejudicial g |W 

thcii’ presence must prove .^^s. , ^ 

to the health of the ani- 
mals in which they re- ^ . ,. ^ , 

. _ T , . 1 Tama eohum : o, head ; &, c, d, scginenta of the body. 

Side; and we arc little 

surprised at the emaciation and Fig. ()8. 

weakness to which they generally 


Tania solium : a, head ; &, c, </, scginenta of the body. 


(342.) The Tamm solium, the 
species most usually met mth in 
the human subject, at Iciust in our 
own country, is that selected for 
special description. The body of 
this creature consists of a great 
number of segments united toge- 
ther in a linear scries (fig. 07) : the 
.segments which immediately succeed 
to the head (a) are very small, and 
so fragile that it is rarely that this 
part of the animal is obtained in a 
])ei‘fcct state ; they gradually, how- 
ever, increase in size towards the 

middle of the body 0!). The finst , immature segment of Tanm Mim: a, 
J \ / laterjil canals, o, ovary, c a, accessory 

joint of the Tienia, generally called gimuis; c, lateral sucker. 

the head, dilfers materially in stjnctiirc from all the rest. This segment 
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in the Ttmia solium^ when highly magnified, is found to be somewhat 
of a square shape ; in the centre is seen a pore that has been coiisidei’cd 
to be the mouth, surrounded with a circle of minute spines, so disposed 
as to secure its retention in a position favourable for imbibing tlu' chyle 
wherein it is immersed. Around this apparatus are placed four 
suckers, which are no doubt additional iwovisions for the firm attacli- 
ment of the head of the worm. Im other Tacnise the stRictun* of the 
first scguient is variously modified : thus, in Timid lata tlu^ central 
]>ore has no spines in its vicinity; in Botlirioceplialus there are only 
two longitudinal sucking disks; in Flonceps tlieso are rcplacc'd ])y four 
proboscieliform prolongations, covered with sharp recurved s 2 )in('s, 
which, being plunged into the coats of the intestine, form effectual and 
formidable anchors ; yet the intention of all tliese modifications is the 
same, namely, to retain the head in a position adapted to ensure an ade- 
(juate supply of nutritious juices. 

(tl4y.) The alimentary canal seems to bo represented by a double 
tube, which may be traced through the whole length of the body, with- 
out anj" other perceptible communication with the exterior than the 
minute pore in the centre of the head : at the (;ommencement of every 
segment, however, there is a cross-branch, which communicates with 
the corresponding tube of the opposite side (fig. 68, a), so as to facilitate 
a free distribution of the nutrient fluids In some species a delicate 
vascular nct\vork is perceptible in the parenchyma of the body, which 
may likewise be connected with the nutritive function. 

(344.) The reproductive organs in the mature segment or Pmjlottis 
of a tape-worm, each of which may be considered as an adult animal, 
consist of a male and of a female apparatus — these two sets of organs 
being completely distinct from each other, • 

The male apparatus consists of a testis, a vas deferens, and an 
intromittent organ^ the last of which is lodged in a special sac or 
pouch. 

The testis (fig. 69, a i) occupies the middle of the anterior portion 
of the body, and is of a whitish colour, owing to the spermatozoa con- 
tained in its interior. It is composed essentially of a long ccocal tube, 
folded upon itself in close convolutions, and terminating in the vas 
deferens (c), which reaches to the ba^e of the intromittent organ. 

The penis (fig. 69, d), called also by authors drirus and lemniscus^ 
is very variable in its form in different genera ; in its real structure, 
however, it is merely a prolongation of the vas deferens, just as the 
latter tube is a continuation of the testis. 

* Professor Van Beneden denies the existence of the central aperture or mouth or 
that the two lateral longitudinal canals with their intercommunicating trunks con- 
stitute an alimentary system ; on the contrary, he regards these tubes as secerning 
organs, tlie secretion of which is discharged from the terminal segment of the body 
through a foramen caudate. 
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In its size it varies considerably ; it consists of two muscular coats 
invaginated one within the other, and unrolls itself like the finger of a 
glove, until it a (quires its full length. The external surface, which is 
internal when in a state of re- 
pose, is cover (‘d Avith minute Fig. G 9 . 

asperities or rough points ; when v ■ 

fully retracted, it is lodged in * \ 

the pouch, e, \ 

(1145.) The female generative / 
system is composed of an ovaiy', / Vm'' W\ 
which produces the germ (gcr- / 5 v^f \\1 & V > 

inigenc), of an organ which ' \\ 

s('( 5 retes the vitelline globules A 

(vitelligvne), of ducts from these M // 

two organs, and of a matrix, a I I jA v^=^\ -i|}/ 

copulative vesicle, vagina, and I ' / r 

vulva. C // 

( 346 .) It seems to have been ll )'’'n-foo ^1/ I I 

by no means a rash supposition li M ^ q”^ I * n I M 

on the part of Sicbold, that in 1| ^ y 1 j) 

some Entozoa there might exist || (qVvy^ //)|li 

a double set of glands for the II -n '7 f 

production of the ova, one ap- W 

propriated to the formation of W j III 

the germ, the other to the sccre- ^ j ijl 

tion of' the vitellus. In the Jr//// 

Cestoid forms, according to Van vvZZW 

Ecneden, the proper ovary or //// 

germigene (fig. 69, i) is situated /Jy 

at the posterior part of the body, 

occupying about one-third or Diagram representing the fuUy-developed gene- 
one- quarter of its widtll. This native system of the iVoy/o//w of a Cestoid Ento- 

. Jill* J.1 ^ooji (after Van Beneden). «, tesUa; 6, eom- 

organ is double, being exactly mencement of ditto; c, vaa deferens ; d, penis ; 

repeated on the right and left of /> vagina; vagina ; 

J. ... ” . A, copulative vesicle; t, germigenous organ, or 

the median line, the two being ovary(represented on one side only); /,gemnduct; 

united by a central commissural ‘J.' 

•' germiduct; n, vitelligenous organ, or vitelliduct; 

canal*! when empty, the pre- oo, transparent vesicles, developed at a very early 
. 1 • • J • period ; v, oviduct ; o, matrix ; r, longitudinal ea- 

sence of this orga- is discover- L,,. , f, , • . L, „„„„„„ 




Diagram representing the fully-developed gene- 
rative system of tho ProifloitM of a Cestoid Ento- 
zoon (after Van Benedcn). «, testis; b, com- 
mencement of ditto ; c, vas deferens ; d, penis ; 
e, sac of the penis ; f, orifice of vagina ; g, vagina ; 
k, copulative vesicle; t, germigenous organ, or 
ovary (represented on one side only); /, germiduct; 
»», i>oint at which the viti'lline globules enter the 
•germiduct; n, vitelligenous organ, or vitelliduct; 
0 Oy transparent vesicles, developed at a very early 
period ; p, oviduct ; j, matrix ; r, longitudinal ca- 
nals ; a, the skin ; t, cutaneous glands. 


able with difficulty, on account 

of its extreme delicacy. Its appearance Amies much : sometimes it is 
a bag surrounded with slight depressions (ciils-de-sae) ; sometimes the 
Avhole viscus is divided into lobes, and has tho appearance of an ordi- 
nary gland, whilst occasionally it is entirely made up of long ccecal tubes 
united together, and opening at the same point. 

* It is represented in the iiguro upon one side only, to avoid eonfuf*ion. 
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On the sides of the body, extending: nearly its whole length, are two 
slender and slightly flcxiious tubes (fig. 09, n n), whose presence it is 
difficult to detect when in an empty condition, but which generally con- 
tain in their interior vitelline globules closely aggregated together, 
which by the peristaltic movements of the tube, aided by ciliary action, 
are forced onward from before to behind. The two vitelligenous tubes 
ultimately unite to form a common canal (>i), situated neav the median 
line, through which the viteUine globules enter the germiduct at the 
point marked wi. On passing the opening of this canal, the germ be- 
comes suddenly invested with a layer of vitelline globules, and, being 
thus transformed into an ovum, is carried onwards through theflexiious 
canal, or proper oviduct (p), into the matrix (g^), becoming invested in 
its passage through the oviduct with an outer covering that represents 
the egg-shell. 

The matrix (q) thus receiving a continual supply of ova, becomes 
gmdually distended, until it occupies almost all the interior of the body, 
and branches out in different directions into cmcal pouches at points 
where the least resistance is offered, until finally the skin of the 
proglottis becoming as tightly distended as the matrix, both arc 
ruptured, a|d the ova esca 2 )e in this artificial manner. The vagina 
(fig. G9, g g) is a large canal, lumng, like all the organs belonging to 
this apparatus, distinct parietes. It commences externally (/) in the 
immediate vicinity of the male organ, penetrates to tlio centre of the 
body, and, bending at an angle, makes its way backwards to the space 
that separates the two ovaria (germigenous organs, /). Its length is in- 
variably in correspondence with that of the penis of the male apparatus. 
At the extremity of the vagina is situated the coimlatim sac (A), a 
small vesicle with very delicate parietes, the contents \)f which abound 
in spermatozoa. 

Huch being the anatomical arrangement of the different parts of this 
somewhat com 2 )lcx apparatus, it now remains to take a brief survciy of 
their physiological import in the performance of the generative function. 
In the living Entozoa it is sometimes not difficult to see the germi- 
genous and the vitelligenous organs opening into a common canal, and 
each of them pouring their product into its cavity ; and if a specimen 
is selected in which the parts are in, full activity, and the compression 
used be such as to render the organs transparent without imtting a stoj) 
to their action, the germs may be seen to arrive, one by one, at regular 
intervals, before the opening of the vitelligenous organ, which, contract- 
ing forcibly, expels a certain quantity of the vitelline substance, in which 
the germ becomes enveloped, haring previously, on j^assing the orifice of 
the copulative sac, become impregnated by contact with the sperma- 
tozoa therein contained. As the vivified ovum advances onwards it 
receives its outward envelope, arrives in the matrix, and is there re- 
tained until birth is accomplished by the destruction of the animal. 
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A qiioslioii has often arisen in relation to the manner in whieli Uie 
act of copulation is effected in animals presenting this rcmarkahlc 
luu’maphrodite ('oiidition of the generative system — a cpicstion to 'svhicli 
Professor Van Peneden has been able to give a satisfactory solution. 
In a specimen of FhyllohoiJirhmi lucdy he had ocular demonstration that 
the individual was self-fccundating. Its penis became unrolled, and 
passed immediately through the vulva into the vagina, into which it 
was deeply inserted. Active peristaltic movements of the vaginal tube 
were very manifest, and spermatozoa were seen abundantly in its in- 
terior, these being subsequently conveyed by peristaltic action into the 
copulatory pouch. Tlie penis, after some considerable time, is with- 
drawn, returns into its pouch, and all the organs assume their previous 
condition. 

(«‘347.) In studying the progressive development of the egg in the 
Ticnim and other Cestoid worms, it is only necessary to remember that 
all the ova contained in the same segment are of the same age, and that 
the age of the segments increases progressively, from the head to the 
op])osite extremity of the elongated body, to enable the observer to 
select ova in any stiigc of their development in order to submit them to 
examination under the micro8coj)e. ^ 

(348.) In their general structure, the eggs of the Ttenioid Entozoa 
are similar to those of the other classes of Invertebrate animals ; and the 
segmentation and breaking-up of the yelk proceed exactly in the same 
manner. - 

(34i).) On arriving at maturity, however, a series of i)henomena of 
the highest possible interest begin to dcvelopc themselves, which wo 
will in-ocecd to describe with as much conciseness as the subject will 
allow*. The wo^m, when it emerges from the egg, instead of being 
composed of a series of segments, consists simply of the fii’st segmtait, 
or head, as it is called, of the compound worm, variously armed wth 
hooks, suckers, or bothria, according to the genus, to which is appended 
a short caudal extremity, wherein but slight traces of any internal organ 
are apparent. In this condition it has received the name of Sc()le,v, and 
may bo regarded as a sort of root from which all the rest of the animal 
is developed, much in the same way as the Planidm of the Acale])ha} 
arc segmented otF from their Ilydra-likc parent (§ 304). In this condi- 
tion the Scolex ’’ exists for some time, and in some instances, as, for 
example, in the Tetrarlujnchi, clothes itself in a kind of sheath formed by 
a mucous exudation derived from the surtacc of its body. 

(350.) We have already pointed out the similarity of stiucture that 
exists between the armature of the head ” of the Cysticercus (fig. 00) 
and that of the Ta)nia (fig. 07) ; but the reader, from a comparison of 
the two figures, would scarcely be prepared to expect that the one was 
• 

* Vide “ Rcclicrclics sur Ics vers Cestoidcs,” i^ar P. J. Van Penedoi, Nouveaux 
do rAoadouiio do Eruxollcs for WOO. 
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the Scole^v of the other. Siebold had, indeed, satisfied himself that thi‘ 
arrangement of the horny circlet of Cysticereus fascioJaris, found in the 
Uver of the mouse, entirely corresponded with that of Tcmim crassicollis, 
that inhabits the intestines of the cat. If young Tsenias pnd Cysticerci 
be carefully examined, and compared with other forms, it is satisfactorily 
seen that the Cysticereus is merely the Scolex from which a Tsenia may 
be developed, and that its vesicular portion corresponds exactly with the 
similar vesicles of some Tetrarhynchi in a like state of development. A 
Tsenia, says Van Beneden, might probably very well acquire its com- 
plete development, without assuming the vesicnL'ir form, as is proved 
by the Paradoxical Taenia ; but, for that, it would bo necessary that the 
germ should be deposited in an intestinal tube. The same is the case 
with the Teimrliyuvld'. here also the body becomes quite out of propor- 
tion to the size of the head whilst the germ remains amongst the 
peritoneal folds of the fishes in w'hich they are found, just as the 
Cysticerci do whilst imbedded in the peritoneum or amongst the 
muscles. The Scolcx, when fully formed, has its own individual de- 
velopment arrested at tliis point ; but it now begins to give off buds, of 
which the body {Strohile) of the Entozoon is composed. 

(351.) ^10 8colex, therefore, in this stage of development is syn- 
onjmious mth the hcad,^^ or, as it 
might as well bo called, the ‘^root^^ Ijg. 70. 

of the worm j and as long as this root, 
head, or Scolcx remains unexpclled 
from the body, it will continue to give 
origin to fresh segments or joints, ad 
libitum. 

(352.) Gradually the tail of the 
Scolex, or the body of the worm, is deve- 
loped ; and as soon as this has attained 
a certain length, transverse markings 
begin to make their appearance, seg- 
ments are formed, separated from each 
other by slight indentations, and the 
internal organs appropriate to each 
segment arc progressively evolved. 

When the segments have attained to 
maturity, or, in other words, when 
the gemma has grown into an adult 
worm {Froyhttis of Van Benedcn), 
the indentation separating each from 
the one preceding it increases in rr, Scoirx ; a c i/, strobile ; i^rogiotus. 
depth, until, being reduced to a mere 

pedicle, the segments are successively thrown off as so«many distinct 
animals. From the above account, fliereforc, it is evident that the last, 




SCOLEX, STROBILE, rROGLOTTIS. 


137 


or caudal, segment is always the oldest, the newly-formed segments 
continually pushing the others from before backwards, 

(353.) Most frequently the mature segment ox Proglottis is detached, 
as stated above, and becomes an independent worm : nevertheless this 
probably does not invariably happen, some apparently remaining per- 
manently connected together, and laying their eggs without having 
enjoyed a separate existence, as is the case in various forms of Asci- 
dians and Polyps. 

(354.) While the segments of the Strdbile remain conjoined, they 
scorn to enjoy a complete community of life and of movement. Some 
species especially may be observed to become suddenly dilated in one 
region and contracted in another — these alternate movements, passing 
along the entire length of the animal, giving precisely the same ap- 
pearance as is Avitnessed in many Annelidans when they make violent 
efforts for progression, — a circumstance which will readily explain how 
Tmnia) arc frequently met Avith having their bodies tied in complicated 
knots — a very puzzling phenomenon to the older helminthologists. 

(355.) The ProglottlSf on becoming detached from the general com- 
munity, is provided with all its organs ; nevertheless its devcloj)mcnt 
becomes still further advanced : it CA'en completely changes its shape ; 
the angles of the segment become effaced, the Avholo body rounded, and 
its movements, moreover, more extensive : nay, as Van lleneden assures 
us, not only does the Proglottis continue to grow, but sometimes it 
becomes as large as the entire Strobile— a circumstance Avhich fre- 
quently causes a Cestoid at this ago to b6 mistaken for a Trematode 
Entozoon. 

(350.) ^ilany thousands of eggs must be produced from such multi- 
plied sources of reproduction ; and yet, hoAV are they preserved and 
replaced in circumstances favourable to their development? Fortu- 
nately it is rare to meet with more than one of those creatures, at the 
same time, taking up a residence in tho same individual ; and, in fact, 
the species which has specially been the subject of our doscn])tion is 
often called, par excellence j ** the solitary Avom,” from this circum- 
stance. Yet what becomes of the reproductive germs furnisliod in such 
abundance ? Do they, as was the opinion of Linnmus, live in a humbler 
form in stagnant waters and marshes, until they are casually intro- 
duced into the body of some animal, where, being supplied profusely 
with food and placed in a higher temperature, they attain to an exu- 
berant development ? Or are the germs thus numerous in proportion 
to tho little likelihood of even a fcAV of them finding admission to a 
proper nidus ? To these questions we can only reply by conjectures ; 
and, interesting as the subject is, few are more entirely involved in 
mystery. 

(357.) In some Tmniac, as for example in serrata, which is found 
in the intestines of dogs, M. Dujardin has pointed out that tho ova, 
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instead of being, as lliidolphi supposed, more deli(*ato and in tbear 
substance than the Entozoa tlicmsclvos, arc defended by cnvclop('s so 
strong that, thus protected, tliey may be dispersed in prodigious num- 
bers in various situations, and escape destruction until coiiveyod into a 
nidus proper for their development. 

(358.) To form some idea of the number of ova furnished by a single 
Taenia of this species, it must be considered that it is furnished success- 
ively with at least two hundred segments, whi(*h in the aggregate will 
produce for each Tmnia 25,0(K),000 of eggs. The mature segmenis are 
found loose in the intestine of the dog, and are able to move about \vii\i 
considerable quickness, creeping sometimes at the rate of three inches 
in a minute, by the contractions of which they are capable. If one of 
these bo placed in a flask, or under a moist glass bell, tln^y will soon 
begin to crawl about upon its surface, leaving a sort of milky track 
wherever they pass, in which, by the aid of a lens, innumi'rable eggs 
may be detected. Under those circumstances they will exist for sevt'ral 
days, until they are entirely emptied of their ova and redu(;ed to half 
their original bulk, when, their destiny being ac(*onq)lished, they ])C‘rish. 
Therefore it cannot be doubted that, when ex])elled naturally fi’om the 
intestines^of the animal in which they live, they are able to dcqjosit their 
ova in a similar manner. 

(351).) Many interesting facts relative to the development of tlie in- 
testinal worms have been recently brought to light, and promise to lead 
to still more important discoveries. In 1.840 M. Micscher announced, 
to a meeting of naturalists at Bale, the discovery that several gonenu of 
Entozoa undergo most extraordinary metamorphoses, whereby their 
form and character aro completely changed. A Filaria, met with in a 
fish, became changed into a flat, oval, leaf-like worm/ in fact a Planaria ; 
from the interior of the Planaria there subsequently issued a Teim^ 
rhjnchm, armed with four long proboscides; and lastly, the last- 
mentioned form probably gave birth to a Bothrioceplialus. 

(360.) Carrying out these observations, M. Van Bcncden* has not 
only confirmed the doctrine, but added very materially to our know- 
ledge on this subject, by ascertaining that the Tetrarhynchus undergoes 
no fewer than four distinct phases of development. 

(361.) In the first phasis of its existence, the worm is more or less 
vesicular in structure, being armed with four suckers, and a sort of pro- 
boscis in the centre. It is possessed of extraordinary contractility ; and 
in different species there aro spots of black pigment, representing eyes. 
In this condition these worms have received from helminthologists the 
name of Scohx (Scolex polymorj^hus ; Scolex Acalepharum), vSars, Tetm- 
stoma Playfairii, Eorbes and Goodsir, JJithyridhm Lacerta’, Ac. These 
are more especially found in the pyloric cccca. 

(362.) The second phasis is, perhaps, the most curious. In tlio in- 
* Ann. (Ics Sc. Nat. .3scr. x. p. 15. 
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tcrior of tho Scole.v there is formed a TetrarhynchuSy by a process of 
f^omiuiparous reproduction ; and from the surface of tho latter a kind 
of viscid secretion exudes, which becomes solid, and forms a sort of 
shoatli made up of concentric layers. 

(;308.) In this state of development there is found a shcatli formed of 
several layers, in tlio interior of which is a Trematode wonn {AmjM- 
sLoma rlioindoidos, t'li. Le Blond) ; and in the interior of the latter may bo 
perceived a Telrarhyn/dius, which moves about vivaciously as soon as its 
prison is opened. Tliis Tetrarhynchus has been regarded by naturalists 
as a parasite inhabiting tho Trematode worm ; M. Viin Bencden believes 
it to be a moveable gemma {houryeo)i mohile). 

(iiOd.) It is constantly, if not always, found in cysts fonued at the 
expense of the peritoneum, in a great number of sea-fish — cod, trigla, 
conger, &c. In tim third state of its existence, the Tetrarhynchus is 
free, but in all respects resembling that which Avas enclosed in tho Tre- 
matodc A\'orm ; in a short time, however, transvesrse lines bc(;ome deve- 
loped upon tlic posterior part of its body, s(^gments are formed, and 
it becomes TimiuuL In this condition it has boon named Bothrioce- 
pliahis, or more recently lihynchohofhrius. It is found in the intestinal 
canal of the skate, among the first timis of the spiral A^ilve. 

(365.) In the fourth and last phase of its growth, it presents a more 
simple structure, the perfect animal i)erforming tho part of a tube 
destined to disseminate ova. In this condition it is nothing more than 
the last segment of the Tccnioid form detached, in fact a Proylottis. In 
this condition it is found in the intestine of the skate, in company with 
the Bothriocephali : this is the mature or adult aninnd, provided Avith 
comidetc male and female sexual organs. 

(306.) The adult ^Kntozoon (the Proglottis loaded "with eggs) is eva- 
cuated together Avith the fmces of the skate, and with its ova seiwes as 
food to fishes, of smaU dimensions. The ova are developed cither in 
tho intestines or the intestinal caeca of the devouror, and if the fish 
which contains them* happens to be SAvalloAved by another fish, the de- 
velopment still proceeds in its alimentary canal, or the cocca thcreimto 
appended. When arrived at the condition of a complete Scokxy after 
having perhaps passed through the stomachs of several fishes that have 
successively devoured each other, it perforates the intestinal walls and 
lodges itself in the peritoneum, in Avhich situation it forms its sheath, 
and produces in its interior the “ moveable gemma,” from which is pro- 
duced a Tetrarhyiickm. The fishes containing tho latter form are swal- 
loAVcd in turn by the voracious Hays and Sharks, and their flesh haAung 
been dissolved in the stomachs of their devourers, the Tetrarhynchus 
becomes free, and continues its growth in tho intestines until the hist 
forms (Proyhttis) are complete, AA^hich alone are furnished Avith a sexual 
apparatus. Thus, from the production of the egg to tlie completion of 
tho mature animal, these parasites are continually passing into the ali- 
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mentary canals of new fishes ; and it is only under such circumstances 
that they seem to attain their full development. 

(367.) Cystoidea. — Transformation of Cystiform Entozoa into Tumnc. 
— ^The gradual transformation of Cysticercus pisiformis into the T<f'nia 
serrata has been established by feeding young dogs with the eystie 
parasites still enclosed in the cysts in which they are found in the 
omentum of rabbits*. The first effect produced ujam the Entozoa 
thus enclosed in their cysts, after they have been swallowed, is th(' solu- 
tion of the cysts by the gastric juice in the dog’s stomach, after which 
the caudal vesicle of the Cysticerem is attacked and de- 

stroyed by the same digestive agent, leaving nothing of it remaining 
but the whitish and rounded Scoliw, which, passing through the py- 
lonis, becomes attached to the Avails of the duodenum, in Avhicli situation 
it has to await its subsequent growth. At the posterior end of tin; now 
tailless cyst-AA'orm, tlic point at Avhich the caudal vesicle Avas previously 
attached is distinctly indicated by a sort of cicatrix. Subsequently the 
groAvth of the Entozoon commences, its transverse wrinkles arc mul- 
tiplied, and in the course of a few days the body becomes divided into 
segments, Avhich, at first A^ery short, elongate and soon present the 
marginaL generative pores. After a residence of tAventy-five days in 
the intestines of the dog, the Taenia has attained the length of from 10 
to 12 inches, and in three months 20 or 30 inches or more, at which 
time the posterior joints appear to be sexually matured, and the last 
segments {Proglottides) become detached. The ova enclosed in the 
ripe joints are seen to be completely developed, and contain in their in- 
terior the mobile embryo armed with its six booklets. 

It must now be an important task for helminthologists to trace the 
further development of the embryos produced from these eggs, in order 
to determine the mode of origin of the Cysticercus insiformis. 

(368.) The Echinococt:,m veterimrwm^ long considered as a distinct 
Entozoon, is in reality merely a hydatid cyst filled with the \o.rwvd{Scoleces) 
of Taenioid Avorms ; it occui’s in the liver, the cavity of the abdomen, the 
heart, the voluntary muscles, and the ventricles of the brain of man, — 
in the liver, lungs, &c. of the ox, sheep, goat, ape, pig, &c. The walls 
of the true cysts consist of numerous concentric layers or plates, re- 
sembling those of colloid cells. .The licjuid existing within them is 
yelloAvish or reddish, and albuminous. The larvae appear to the naked 
eye as minute white opake specks, varying in size from about ' 

in length ; they also vary greatly in form : Avlien the head is 
retracted, they appear more rounded than AAEen it is protruded. The 
hooks surrounding the anterior end of the body consist of a basal por- 
tion, an internal transverse blunt tooth, and a curved terminal portion 
or claAv ; they arc about to in length. In some of the 

* Vide Dc Cysticercorum in Tcenias Metamorphosi paHCOiulo, experimenia in In- 
Biituto Physiologico Vratislaviensi administrata, Auctor G. Lewald : Bcrolini, 1852. 
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larvoD a kind of pedicle exists, by whi(*.]i they arc attached to the walls 
of the cyst. In a quite recent state the larvoc have been seen swimming 
actively in the liquid of the cyst by means of cilia upon the surface of 
the body. Th(‘y ai)])car usually to be developed from the interior of the 
cyst ; but, as Kuhn long since showed, they are sometimes produced by 
external gemmation : the contents produce a slight protrusion of a part 
of the wall of the cyst ; the protruded portion enlarges, afterwards 
becoming constrict ed at the base, and at last probably sc])arates from the 
])arent, to become itself a parent in a similar manner. Hence it appeal’s 
that the larvm Cfiiinot be regarded as the parasites of the cyst, but must 
be viewed as arising from a partial segmentation of the contents of the 
parent. The Eakhiococci do not acquire their full development into 
Tivnifn unless they reach the alimentar}’ canal. The cysts and their 
contents, inchuhiig the Echinococci undergo a kind of degeneration, 
becoming partially converted into fatty or calcareous matter, or the 
entire contents become amorphous and granular, the hooks remaining 
longest unaltered, but finally disappearing also *. 

(309.) Tuematoda. — I n the fluke, Dlstonm {Fasciola, Linn.) hepatl- 
cum, wo have an Entozoon of more complex and jicrfcct structure — one 
of those forms, continually met with, which make the trans^ion from 
one class of animals to another so insensible that the naturalist hesi- 
tates with which to associate it. 

(370.) The Dlstoma is commonly found in the liver and biliary ducts 
of sheep and other ruminants, deriving nourishment from the fluids in 
which it is immersed. The body of the creature, which is not quite 
an inch in length, is flattened, and resembles in some degree a minute 
sole or flat-fish. At its anterior extremity is a circular sucker or disk of 
attachment, by which it fastens itself to the walls of the cavity in which 
it dwells, as well as by means of a second sucker of similar form, placed 
upon the ventral surface of the body. In the annexed diagram (fig. 71 ) 
the posterior sucker has been removed in order more distinctly to exhibit 
the internal structure of the animal. The name which this Entozoon 
bears seems to have been given to it from a siq^position that it possessed 
two mouths, one in each sucker, whereas the anterior or terminal disk 
(«) only is perforated, the other being merely an instrument of adhe- 
sion. The alimentary canal (6) takes its origin from the mouth as a 
single tube, but soon divides into tivo large branches, from which rami- 
fications arise that arc dispersed through the body, each terminating in 
a blind clavute extremity. These tubes, from being generally filled 
with dark bilious matter, aro readily traced, even without preparation, 
or they may be injected with mercury introduced tliroiigh the mouth. 

* Kuhn, Ann. Sc. Nat. 1 scr. xxix. p. 273 ; Siebold, Wiegmann’s Archiv, 1845, and 
Siebold and Kolliker’s Zeitschr. iv. ; 0-luge, Ann. Sc. Nat. 2 ser. viii. p. 314 ; Owen, 
Hunterian Lectiu'es, i. p. 4fi ; Dujardin, Helniinthes, p. 035 ; Huxley, Ann. Nat. Hiat. 

2 ser. xiv. p. 379. 
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(371.) Through the walls of the ventral surface of the body tu'o 
nervous filaments (c) are discoverable, which, crossing over the root of 
the anterior sucker or acetabuluin, and gra- 
dually diverging, may be observed to run lig. ri. 

in a serpentine (iourse towards the caudal 
extremity, where they are lost : it would 
even seem that on either side of the oeso- 
phagus there is a very slight ganglion, 
from whicjh other nervous filaments arise 

to supply the suckers and the anterior MmBB 

part of the body. fj 

(372.) The organs of generation in the 
fiuke are very voluminous, occupying, 
with the ramifications of the alimentary 
tubes, the whole of the interior of the 
animal : in the diagram they are not re- 
presented on the right side, in order that 
the distribution of the intestine may be 
better seen ; and on the left side the ali- 
mcntaiy-vessels arc omitted, to allow the 

general ^mngement of fte sexual system " 

to be more clearly intelligible. canal ; c, nervous system; <1, external 

(373.) These animals are completely STVlrirmfiSr}, ^ 
hermaphrodite, not only possessing di- eory a)>i>endiige to ditto ; .< 7 , oviduct ; 

, . 1 • 1 ovary common canal, receiving; i5“, 

stinct ovigerous and semimterous canals, convolutions of testis; /,va 8 def,‘rt‘us; 

which open separately at the surfiicc of of th.. penis; »,introinim^ 

the body, but even provided with external 

organs of impregnation, so that most j^robahly tho cooperation of two 
individuals is rctpiisito for mutual fecundity. 

(374.) To commence with the female generative system, wc find tlic 
ovaria (7i) occu 2 )ying the Avholo circumference of tho body. When 
distended with ova, the ovigerous organ is of a yellow colour; and 
when attentively examined under the microscope, it is seen to ho made 
up of delicate branches of vesicles united by minute filaments, so as to 
have a racemose appearance. From these clusters of ova arise the ovi- 
gerous canals, which, uniting on egeh side of the body into two principal 
trunks, discharge their contents into the large oviducts (f/). Tho ovi- 
ducts tenninatc in a capacious receptacle (e), usually called the uterus ; 
and from this a slender and convoluted tube leads to the external orifice, 
into which a hair (d) has been inserted. On each side of the uterus we 
find a large ramified organ, made up of coocal tubes (/), which opens into 
the uterine cavity, and no doubt furnishes some accessory secretion 
needful for the completion of the ova. 

(375.) The male apparatus occupies the centre of the body. The 
testes (/r), in which the spermatic fluid is secreted, consist of convoluted 




Anntomy f Visfomn. a, anterior 
sm'kc'r and oral orifiri> ; b, alinumtary 
canal ; c, nervous system ; <i, c*xternal 
opening of female g«*nerative appa- 
ratus ; <?, uterine reeeptacle ; /, ace(>3- 
Bory a)>i>endage to ditto ; g, oviduct ; 
h, ovary; »,conunon canal, receiving iS*, 
convolutions of testis; I, vas def«‘rt‘us; 
w, capsule of Uu* penis; H,intromittent 
organ. 
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vessels of small calibre, arranged in close circubir folds^ and so inex- 
tricably involved, tliat it is difficult to gcA a clear idea of tlicir arrange- 
numt ; but towards the middle of the median line they bc^comc more 
parallel, and terminate in two larger tnmks (/) (one of which has been 
removed in the figure), which arc enclosed and hidden in the seminal 
vessels. These gn'at canals, which run side by side in a longitudinal 
direction, become gradually much attenuated (/), and terminate in the 
root or capsule of the penis (m). The external male organ (>?) is placed 
a little anterior to the orifice which leads to the female parts : it is ii 
short spiral filament, distinctly traversed by a canal, and perforate at 
the extremity, so as indubitably to perform the office of an instrument 
of intromission. 

(376.) Among the most interesting discoveries of modem times is the 
establishment of the long-suspected fact that the Trematode Entozoa 
undergo certain metamorphoses during their development, and those of 
a most extraordinary and unheard-of character, exhibiting remarkable 
examples of the phenomenon of alternate generation. It is to the 
Danish naturalist, Steenstrup*, that science is indebted for the follow- 
ing account of his researches. 

(377.) Although the best-known species of the numerous family of 
the Trematoda is the JliiJce, or Uver-tvorm, of which the anatomical 
details are given above, similar forms are mot with in almost all animals 
of the four higher classes ; and among the lower, thcMollusca arc equally 
infestc'd by them. 

(378). It might almost be said that in these classes eveiy species is 
infested by its own fluke ; in various animals, moreover, several difiPerent 
species of these parasites have been found, which inhabit cither all the 
organs of the body iiidiscriminatoly, or arc exclusively confined to one 
(liver, kidney, bladder), or to a definite part of an organ. Several of 
these Trematoda, as will bo evident hereafter, when young, are not con- 
nected with any viscus, but enjoy the power of free locomotion in water, 
cxtcrnallj^ to the animal which, in their future state as Entozoa, tiny 
infest. In their free condition they are provided with a locomotive 
apparatus, usually a tail of moderate length, by the waving movement 
of whidi the creature propels itself through the water, like a tadpoh*, 
to Avhich, in its external form, it is 4iot dissimilar, though almost of 
microscopic dimensions. In this larval state the Trematode worms 
have long been known to naturalists under the generic nanie of Oer- 
varia ; but although it was well established that this form was not a 
permanent one, it was not until the researches of Nitzsch, 8icbold, and 
Stcenstriip revealed the true nature of the changes thi’oiigli which they 
pass, that we arrived at any satisfactory knowledge of their remarkable 
history. 

* Ihher den Gcneralionswechscl in den Niedcren Tliiertlasscn, translated by the 
liilo Mr. Ilenfrcy, in the publications of tlic Kay Society. 1842. 
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1. CVmfW(t ecA/«rt/oP of Sit'lmld, 2. Uistonui-piipM, 
or C<*rcaria in tlie pupa 8tat(* after it haa cast ofl' its 
tail and <‘nclos<?d itself in a mucoid ease. 3, The 
animal proceeding from tin* pui>n a trin; Distomni 
which has penetrated for a short distance yito tlio 
hotly of the snail. 4. A nurse” containing fully- 
developed Cercarittt n, the stomach. 6. 4 parent- 
nurse ” filled with partially-developed “ nurses v, 
the stomach. (After Steenstrup.) 


(379.) A Cercariay suppo.sed by Steenstrup to bo tlio Cercana ( chi- 
nata of Siebold 72, l), is found by thousands in the water wlierein 
specimens of the largo -fresh- 
water snails, Planorhis cor- 
nea and Limmeus stcujnalisy yOv 

have boon kept. The body 

of this species of Oercana in ^ : ) • , ( ^ d 

usually of a more or less '"fi' f 'Ji, J 

elongated-oval form, Avhich, ' " " i' ' //■ >?' . 'I 

■ however, it is constantly I i! ' ^ ^ . [ 

changing, assuming, during V'* ■ " 

its movements, every out- ^ 

lino, from the circular figure * 

which it has in the fully 
contracted state, to the linear 
form that it presents when 
its body is fully extended ; 

... « *11 1. CVmfWu ccA/«rt/oP of Sichold. 2. l)istoma-piip:i. 

It IS lUrniSxlCCi, morc'ovcr, c<*rcaria in tlie pupa 8tat(* after it has cast ofl' its 
with a triangular head at <‘nclos<?d itself in a mucoid case. d. The 

x* 1 - • • \ j animal proceeding from the pui>n a triU! Distomn. 

the ape^^jrOl which is situated which has penetrated for a short distance yito tho 

the oral orifice, snrroimded 5«’y of ‘h® «”''«■ 4. a containing Miy- 

^ ^ developed Cercana: c, the stomach. 6. 4 pai'ent- 

with an apparatus of spinous nurse ” filled with partially-doveloped “ nurses c, 

teeth ; and a ventral sucker 

is visible, situated upon tho inferior surface of its body ; while inter- 
nally traces of viscera are discemihlc (as represented in tho figure), the 
nature of which is not clearly made out. 

(380.) The swimming movement of these Cercarim is very charac- 
teristic ; in performing it, the animal curves its body together into a ball, 
by which the head is brought near to the caudal extremity, and at the 
same time the elongated tail strikes out right and left into various 
sigmoid flexures. In this way they may be seen swarming about the 
water-snails in great numbers. After swimming about the snails for 
some time, they affix themselves, by means of their suckers, to the 
slimy integument of those animals, and all their movements upon it arc 
readily perceived with a good glass. On examining, with a sufiicient 
magnifying power, a portion of the skin of the snail with several of tho 
Cercanm adhering to it, it will bo seen that all the efforts of those 
creatures are directed to the inserting of themselves deeper into tho 
mucous integument, and to the getting rid of the tail, which is no 
longer of any use to them as an organ of locomotion ; in this, after 
violent efforts, the Cercaria at length succeeds, and the now tailless 
animal assumes so completely the appearance of a Distoma or fluke, that 
it could not fail of being recognized as belonging to that genus, in case 
it were met with in this condition in the viscera of other animals. How- 
ever, it undergoes a further remarkable transformation before it becomes 
a true Entozoon in the common acceptation of tho word. 
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(-‘381 .) In various Ccrcarisc, a copious mucous secretion is observnhlc 
on the surface ol' the body even before the loss of the tail, and this * 
secretion apparently increases during the efforts of tlie animal to cast off 
this appendage. As soon as the tail has been got rid of, the Ocrcaria 
begins, by extending and contracting its body, to turn itself round and 
round in the saim^ spot. Tly this sort of movement it makes for itself a 
circular cavity Avithin the mucus, Avhich gradually hardens, and forms a 
tough, mairly transparent case around it. This is the noted p?f 2 ?a- 8 tato 
of tlie Oercarim, observed first by Nitzsch*, and afterwards by Sicbold. 
The tailless Ccrearim remain concealed under their transparent case, 
Avhich is arched over them like a small, closely-shut watch-glass (fig. 72,2) . 
In this condition they remain some months in a quiescent and inactive 
state, when tiny present themselves with all the characters of real 
Flukes (fig. 72, 3), and may be found under this form lodged in llu; 
liver or appropriate viscera in the interior of the snail. 

(‘382.) Having thus seen that the Oerenna becomes an actual Fhike^ 
it next rcmjiins to inquire what is the origin of the Ccrcaria. The 
Fluke deposits ova, from which, either within the body of the pfircnt, 
or external to it, oval-shaped young proceed, Avhioh move about briskly 
in the fluid contained in the interior of the snail or in the aiirrounding 
water^nd bear no resemblance to their parent. In what way this 
progeny is transformed into a Fluke, or rather, as wo now know, into a 
Cercaria, is as yet an unexplained mystery ; but that this change can 
and docs take place only by the intervention of several generations may 
bo assumed as beyond doubt. 

(383.) The free-swimming Cercariae, afterwards converted into pupoc, 
as above described, have been proved, by the observations of Bojanus, to 
bo produced from, little worms of a bright ycUow colour (fig. 72, 4) 
(“ kbnigsgclbcn Wurmern ”), described by him, and which occur in 
great numbers in the interior of snails, especially of Limnems stagnalis 
and Paludina vivipara. It is consequently in those yellow Avorms, 
which are about 2 lines long, that the Cercarim, which are the larvae of 
the actual Flukes, are developed ; and since Ave now know that the 
Flukes are perfect animals, which themselves undergo no transforma- 
tion and are propagated by ova, wo are reduced to the conclusion that 
the progeny is indebted for its origin and development to creatures 
which, in external form, and partly in internal organization, differ from 
the animals into which that progeny is afterwards developed ; in other 
words, it may be said that avo here meet with a generation of nurses, and 
that the yeUow cylindrical worms of Bojanus, which inhabit the snail, 
are the nurses of the Cercori® and Histomataf. 

* Boitrag zur Infusorienkundo, oder Naturbeschreibung der Zercarien und Bacil- 
larien. Halle, 1817. 

t That the CercaricB are actually developed in the above-mentioned yellow worms, 
any one may bo easily convinced who will take a dozen largo specimens of Limnmts 

L 
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(384.) The “ nurses ” usually present the appearance of the fi^^ure 
* given above (fig. 72, 4 ). The body is cylindrical, and is furnished in 
most instances with a spherical contracted head, which includes an oral 
cavity with very muscular walls and a small circular mouth. At some 
distance posterior to the middle of the body are situated the two clia- 
racteristic oblique processes, which, as well as the part of the trunk 
posterior to them, are simply local dilatations of the cavity of the body. 
Of internal organs, there is only to be seen an undivided sacculatt'd 
stomach (/»), very small in proportion to the size of the animal. 

The whole remainder of the very large body is filled with the brood 
of Cercarice. In the instance figured above (fig. 72, 4), all the cmbr 5 a)s 
have simultaneously reached their full development, which is but seldom 
the case, since, in the same individual, Cercarice are found in all stages 
of development. 

(385.) Some doubt exists as to the mode in which the Cercarice quit 
their nursesj*^ since it has been observed, under the microscope, that 
there are two places where they come away, viz. from each side of the 
body, at a depression under the collar, and from the abdominal surface, 
between the two oblique processes : but they escape from the latter 
situation only when the animal has been slightly compressed between 
the glasses ; and from the former, on the contrary, when no pressure at 
all has been employed. 

(386.) It next remains to trace the origin of the nurses'^ them- 
selves. Siebold (who did not regard these as independent animals, but 
only as living organs of generation, ‘‘(/crm-s«cs”) expresses his suiqmsc 
at seeing them developed from germs which are always contained in 
other creatures having the same outward appearance as themselves ; 
and Stcenstmp saw, with like astonishment, that it constantly occurred, 
in some of the snails taken from the same places as the others, that 
they harboured only Entozoa which had the outward form of the 

mirses” but which, instead of Cercariac, contained a progeny consist- 
ing of actual nurses” in all stages of development. This was the case 
only in some, and those rather young snails, whilst all the others were 
inhabited by nurses” whose progeny were true Cercarice; it cannot, 
therefore, be doubted that it is normal for the nurses” to originate in 
creatures of similar appearance to themselves, and which are thus the 

nurses” of nurses” These parent-nurses ” however (fig. 72, 5), 
notwithstanding their great resemblance, were not difficult to be distin- 
guished from the common ones ; the stomach, for instance, in the full- 

stagnalis from small stagnant pools that have been exposed to the sun ; the worms 
will be very readily found. They are situated not so much in the viscera themselves 
(the liver and reproductive organs) as in the membranes covering them, and their 
long bodies will be found half-floating as it were in the fluid which occupies tlie 
space between the organs, and which appears to be pure water entering through the 
water-canals. 
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p:rown “ ])arciit-iiurses ” is longer and mdcr than in any oven of the 
youngest nurses/’ (Compare fig. 72, 4, with fig. 72, 5.) 

(387.) We have thus followed the Distoma to its third stage of 
ascent, and, as no more stages in the generations of these animals have 
been detected, arc not in a condition to trace the origin of the Distoum 
further back. Steenstrup, however, en- 
tertains the not unfounded supposition 
that the parent-nurses” are not pro- 
duced from other similar creatures, but 
that tJie^ proceed originally from ova 
derived from the full-grown Fluke, — a 
supposition which derives additional 
importance from observations made 
upon the development of other Entozoa 
belonging to the Trematode group. 

(388.) In Monostomum mutahile*, for 
example, which inhabits several of the 
cranial cavities lined with mucous 
membrane in certain water-birds, the 
young embryo is frequently hatched 
before or just as the ovum is expelled. 

The newly-hatched young (fig. 73, 1) 
are elongate-oval, and furnished at 
their anterior extremity with some 
short lobes, which the animal is able to 
protrude and retract; and its whole 
surface is covered with vibratile cilia, by 
the aid of which it moves readily in the 
water. In the anterior part of the 
body are two quadrangular spots, which can scarcely be regarded as 
anything but eyes. The posterior two-thirds of the trunk are occupied 
by a slightly transparent whitish body (^), which it might be supposed 
was one of the viscera, as Siebold thought it to be, if it wore uot that 
after a time, and some rather vigorous motions, it becomes detached, 
ruptures the body of its parent, and presents itself as an animal of 
entirely different appearance from^ that in which it lay concealed and 
was developed (fig. 73, 2, 3). 

(389.) Now, since this enclosed animalcule is constantly present in 
the ciliated young Monostomum, and as there is always hut one animal- 
cule in each individual, and always in the same situation, there must 
necessarily bo some organic connexion between the two, and one en- 
tirely different from that which it has been supposed could be explained 
by styling the one a necessary parasite of the other. If one animal is, 
organically speaking, necessarily connected with another, so that each 
can be develoi)ed only in or around the other, they must belong to one 
* Vide Wiegmann’s Archiv fiir Naturgeschichte, 183G. 


Fig. 73. 



1. First stage in the development of 
JdonoHtomum mutabile, after it has quit- 
ted th(! egg ami is swimming about at 
liberty: //, internal embryo of 
nurse'* 2, 3. The same, after its meta- 
morphosis from an active form into an 
inactive sluggish’ creature, which is not 
itself a mother, but which nourishes 
within it a progeny from which, in the 
third generation, a parent animal pro- 
ceeds. (After Sicbold.) 
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Fig. 74. 


and the same unity, or constitute such a 
unity ; and this is doubtless tho case with 
the animals we arc now considering. 

(390.) The Acantiiocephala*, called 
likcAvise Ecuinoruynchi, constitute a 
distinct group of Hclrainthozoa, distin- 
guished by the remarkable armature of 
their oral apparatus, as well as by tho 
peculiarities of their internal organiza- 
tion. 

(391.) The Echinorliyncld inhabit the 
intestinal canal of various animals, to the 
walls of which they fasten themselves by 
a singular contrivance. Tn the Echino- 
rliynchus yiyns, which is found in the in- 
testines of the hog, tho head (a, fig. 74, 
1, 2, 3) is represented by a retractile pro- 
boscis, armed externally with four circlets 
of sharp recurv'cd hooks, which, when 
plunged in^p the coats of tho intestine, 
servo as secure anchors whereby tho crea- 
ture retains itself in a position favourable 
to the absorption of food. In fig. 74, l, 2, 
this aculeated proboscis is represented 
of its natural size, relative to tho body of 
tho Entozoon, as it appears when fully 
protruded; but when not in use, the 
spinous part is retracted, and concealed 
by the mechanism of which an enlarged 
view is given at fig. 74, 3. When extend- 
ed, the position of the organ is indicated 
by the dotted lines ; but in the drawing 
the whole organ is represented as drawn 
inwards and lodged in a depression formed 
by the inversion of tho integument, so as 
completely to hide it within the J)ody. 
This inversion is produced by the contrac- 
tion of two muscular bands, dy e, which 
arise from the inner walls of tho body, 
and are inserted into the root of the pro- 



Anatomy of KchUwrhynchus ffigas, female (after Cloquet). 1. > 1 , pTohoscia ; ovarian appa- 

ratus; dJ, lemnisei; ee, retractor muscles of the ])rol)osci8; ff, alimentary tubes; h, external 
opening of the female generative system. 2, Anatomy of mule Eehinorhynehus; a, proboaeis ; 
d, lemnisei testes ; A, vasa deforentia, uniting together at i; vesiculas seminales; 1 1, re- 
tractor, and » n, ])rotruding muscles of the penis; 7 », their point of insertion into o, the penis; 
p, generative aperture. 2. Mechanism of the proboscis: «, its extremity covered with curved 
SY)iuus ; b, c, its protractile sheath ; d, e, retractor muscles ; J\ lemniscus ; flr, ovary. 


* Cloquet, Anatomic des Vers intestiiiaux. Paris, 1824, 



ECHiNORnracnus. 


149 


boscis around the oosophagus*; two other muscles, h 6, antagonistic to 
the fonner, arise near the spines themselves ; and these, aided by tlie 
contractions of the walls of the body, are the agents by which the pro- 
trusion of the head is effected. Although the teeth or spines which 
render this organ so formidable are merely epidermic appendages, they 
arc raised or depressed at the will of the creature ; and it is therefore 
probable that, minute as they are, they have muscular fibres connccbnl 
with them, serving for their independent motions. These spines, more- 
over, are not ahvays confined to the head, but in many acanthoeophalie. 
worms arc found on various parts of the body, wherever their office as 
instruments of attachment is by circumstances rendered needful. 

(392.) The digestive system of the Echinorhynchus is extremely 
simple. The mouth is a minute pore, placed at the extremity of the pro- 
boscis, which communicates with two slender canals, //, at first of great 
tenuity, but near the middle of the body assuming something of a saccu- 
lated api)carancc. Towards the tail these vessels giudiially diminish in 
size, until they arc no longer distinguishable ; but they have not been 
seen to give off any branches, or to communicate with each otlier. 

(393.) Near the origin of these nutrient tubes arc two large; cieeja, 
nearly an inch in length, called hmnlscl (fig. 74, 1 & 2, c? which arc 
probably connected mth the digestive function. 

(394.) The female Echinorhynchus, as is usually the case in l)i(e- 
cious Entozoa, is considerably larger than the male, as may be seen in the 
figure. In the former (fig. 74, l), the oWry, c, is a capacious organ, 
occupying the centre of the body, and extending along its entire hmgtli. 
When minutely examined, it is found to consist of two compartments, 
or distinct sacs, one occui)ying the dorsal, the other the ventral as])ect — 
the two tubes b«ing separated by a septum. Th(; dorsal ovary com- 
mences near the tail, at^, by a cul-de-sac y and, enlarging as it runs 
forwards, terminates n(;ar the point, e, by uniting with the ventral por- 
tion. The anterior part of the canal, 6, is common to both divisions of 
the ovary ; and from this the ventral tube runs backwards to the pos- 
terior end of tho body, where it terminates in a narrow duct, which 
opens externally at h. It would seem, therefore, that tho last-men- 
tioned opening is the only excretory passage from the ovarium, — tho 
connexion apparent in the figure, l)etwecn tho common sac, 6, and tho 
root of the proboscis, being merely of a ligamentous character. 

(395.) In tho female of some of the Acanthocephali, (iccording to 
Sicboldf, there are neither proper ovaries nor a uterus, but in their 
place arc found numerous oval or round fiattened bodies of considerable 
size, which float freely in the anterior of the carity of the body ; they 
have regularly-defined borders, and are composed of a vesicular, gra- 
nular substance ; in these tho eggs seem to be formed, so that they may 

* These muscles are seen of iheir natural size in 74, I , at c e. 

t Siebold and Siiinniiw, Comp. Anal- p. 124. 
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be regarded as so many loose ovaries. When the eggs have reached a 
certain size, they fall from the ovaries into the cavity of the body, wlu're 
they continue to increase in size, and become enclosed in additional 
envelopes. When mature, the ova escape through a muscular canid, 
which terminates immediately at the vulva, the latter being a simple 
aperture, situated at the posterior extremity of the w^orm. The muscular 
canal, through which the eggs escape, is of a campanulate or infundi- 
buliform shape, opening internally by an aperture whoso borders float 
freely in the cavity ; of the body and thus the whole apparatus might be 
compared to a Eallopian tube. 

(396.) The generative system of the male Echinorhynchus is repre- 
sented in fig. 74, 2. The organs which secrete the fecundating fluid 
are two cylindrical vesicles (/, ^), attached at one extremity by minute 
filaments to the walls of the body ; from each of these arises a duct (/i), 
and the two, uniting at form a common excretory canal. This canal 
speedily dilates into a number of sacculated receptacles, in which the 
secretion of the testes accumulates ; and from them a duct leads to the 
root of the penis (wi). The penis or organ of copulation, when extended, 
protnides through the aperture (p) placed at the anal extremity of the 
body; but^when retracted, it is folded up and lodged in a conical 
sheath (o). The protrusion and retraction of this part of the male appa- 
ratus is cficcted by a very simple mechanism : two muscles (1 7), arising 
from the inner walls of the body, are inserted into the base of the 
sheath (ui), and serve to draw it inwards ; and two others {n >i), in- 
serted at the same point, but aiising from the posterior extremity of the 
animal, by their contraction force outwards the copulatory organ — an 
arrangement precisely corresponding with that by which the movements 
of the proboscis are provided for. 

(397.) The TuairnLLARiiE, constituting another important group of 
the Helminthozoa, are mainly characterized by having the exterior of 
their bodies densely covered with vibratile cUia, by the agency of which 
they swim freely about. They are not parasitical in their habits, and 
are met with under various forms, both in the sea and in fresh 'svater. 
They may be divided into two families, the Planaki.® and the Nemkii- 
TiAN Worms. 

(398.) The Plaxarij*:, although they do not inhabit the interior of 
other animals, are nearly allied in every part of their organization with 
the Flukes {Bistoma ) ; so that their history cannot be more appropriately 
given than in this place. The Planariaj are common in ponds and other 
stagnant waters ; they are generally found creeping upon the stems of 
plants, or amongst the healthy conferva) which abound in such situa- 
tions, and wage perpetual war with a variety of animals inhabiting the 
same localities. The body of one of these minute creatures appears to 
be entirely gelatinous, without any trace of muscular fibre * ; yet its 
* Duges, Ann. dcs Sc. Nat. 1828. 
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motions aro* exceedingly active, and it glides along the plane upon 
M’hich it moves with a I’apid and C(jiiahle pace — of which the observer 
would scarcely expect so simple a being to be capable, — or, by means of 
two terminal suckers, progresses in the manner of a leech. 

(31)9.) Many of the larger marine species are able to swim freely in 
the sea by the aid of violent flappings of the broad margins of their 
bodies, whereby they heat the water much in the same way as the broad 
fins of a skate — movements which it would bo diflicult to explain, except 
by admitting the existence of a subcutaneous plane of muscular fibres, 
such as is described by M. de Quatrefages as being recognizable in some 
species. 

(400.) Although the existence of a nervous system in the Planariae 
has been doubted by some observers, the researches of M. de Quatrefages 
assure us of its presence in many species. It consists of two ganglions, 
more or less intimately united, which are situated in the mesial lino 
near the anterior part of the body. This double ganglion, which may 
be called the brain, and which is sometimes visible to the naked eye, is 
lodged in a special lacuna or cavity, recognizable from its transparent 
outline, and is seen to give off nervous filaments in various directions to 
different parts of the body. 

(401.) M. Ifianchard*, in dissecting a large individual bllonging to 
this group, not only found the two cerebroid nen^ous centres, above 
alluded to, closely approximated, but obsoiT^d that they gave origin to 
two long cords, which exhibited at regular intervals a series minute 
ganglia, thus clearly approximating to the type of stmeture that charac- 
terizes the lower forms of the annulosc worms. 

(402.) Many species of Planariae possess two red specks upon the 
anterior part of tlic body, wliich, as in other cases, have been unhesi- 
tatingly pronounced to be eyes, although tlieir claim to such an ai)pella- 
tion is not only unsubstantiated by any proofs derivable from their 
structure, but completely negatived by cx])oriments, which go to prove 
that, in the pursuit of prey, no power of detecting the proximity of their 
food, by the exercise of sight, is jiossessed by any of them. 

(403.) The phenomena which have been observed, connected with the 
multiplication of the PlanuriaB by division, are analogous to tliosc which 
we have witnessed in other acritc animals ; for it has been proved that, 
if an individual be cut to pieces, ev<iiy portion continues to live and feel, 
from whatever part of the body it may bo taken ; and, what is not a 
little remarkable, each piece, even if it be the end of the tail, as soon 
as the first moment of pain and irritation has passed, begins to move in 
the same direction as that in which the entire animal was advan(;ing, as 
if the body was actuated throughout by the same impulse ; and, more- 
over, every division, even if it is not more than the eighth or tenth part 
of the creature, will become complete and perfect in all its organs. 

* Sur r Organisation dcs Vers. Ann. des Sc. Nat. 1847. 
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(404.) The mouth, in a fow species of Planaritc, is placed at the 
anterior extremity of the body, but generally it is foimd to occui)y tlic 
middle part of the ventral surface. Its structure is (piitc pecidiar, and 
admirably adapted to the exigences of the creature : it consists of a 
wide, trumpet-shaped proboscis (fig. 75, 3 & 4), which can be protnidcd 
at pleasure, and applied to the surface of such larvce or red-blooded 
worms as may come within reach, so as to suck from them the juices 
which they contain ; or if the prey bo small, such as animalcules and 
minute cruslacea, they 
are seized by it and con- 
veyed into the digestive 
canals. Tho internal 
organs appropriated to 
nutrition resemble in all 
essential points those of 
theDistoma; they consist 
of a multitude of blind 
tubes, ramifying in tho 
parenchyma of tho bod}^ 
wliieh, when distended 
with coloufedsubstanccs, 
arc sufficiently distinct. 

The principal trunk (tig, 

75, 1), which communi- 
cates with tho probosci- 
diform mouth, soon di- 
vides into three primary 
branches, one of which 
runs along the median 
lino towards the anterior 

CXtiemity, whilst tho stmetun* of Planarki Dugt'B). 1. Eaniillcations of 
other tW’O arc directed nlimmtary canal. 2. Vtiticulnr system. 3. Prolioscis im- 

4. Erjtrcsents a Planariii devouring a Nais, showiiif; 
backwards towards the the action of the proboscis, fi. Generative sysb rn : n, mule 
tail Prom these central &, female ditto. O. Two Flanarioe in the act of 

copulation. 

canals secondary ones are 

given off, whitffi permeate all parts of tho creature. There is no anal 
aperture ; so that, of course, the residue of digestion is expelled through 
the mouth ; but the nature of the iirocess by which defecation is tlius 
effected is curious : the Planaria, slightly bending itself, is seen to pumj) 
up through its proboscis a quantity of water, with which all the branches 
of the alimentary ramifications arc filled ; the creature then contracts, 
and, forcibly ejecting the contained fluid, expels with it aU effete or 
useless matter. 

(405.) In the larger marine species, M. dc (^uatrefages* recognizes 
* Ann. des Sc. Nat. 1845. 
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the existence of fin internfil general or visceral cavity, which he invari- 
ably found filled with a transparent fluid kept in continual agitation by 
the various mo\ ements of the animal. The flux and reflux of this fluid 
arc rendered conspicuous by the movements hither and thither of nu- 
merous round diaphanous corpuscles which enter as morphotic elements 
into its composition and render indisputable its identity of character 
with the chylaqueous fluid of the more highly organized worms, in which 
the internal viscera are freely suspended, their parietes being merely 
kept in situ by delicate membranous frena. 

(406.) Besides the arborescent tubes in which digestion is accom- 
plished, a rudimentary vascular system is distinctly visible, whereby 
the nutritive juices are dispersed through the system. This consists of 
a dehcate network of vessels, arising fi^m three large trunks, one placed 
in the centre of the dorsal aspect, and the other two running along the 
sides of the animal (fig. 75, 2). 

(407.) The Planariac arc perfectly androgynous, as each individual 
possesses a distinct male and female generative system ; but they are 
not, apparently, self-impregnating, seeing that the cooperation of two 
individuals has been found needful for the mutual fertilization of their 
ova. In every one of these animals two distinct apertures exist upon 
the ventral surface, at a little distance behind the root of tlufproboscis, 
the anterior of which gives issue to the male organ, while the posterior 
leads to the ovigerous or female parts. 

(408.) In Flmiaiia irmelktriSf the penis, 4^hich during copulation is 
protruded from the anterior orifice (fig. 75, 6), is a white contractile 
body, enclosed, when in a retracted state, in a small oval pouch ; it is 
perforated with a minute canal, and receives near its root two flexuous 
tubes, which gradually decrease in size as they diverge from each other, 
until they can no longer bo traced. These arc the seminiferous vessels 
(fig. 75, 5, a). The posterior genital orifice, which leads to the female 
organs, communicates with a small pouch, or uterus, as it might bo 
termed (fig. 75, 6, h) ; into this open two lateral oviducts, which run on 
each side of the male apparatus and of the probos(jis ; these are very 
transparent, and only recognizable under certain circumstances by the 
ova which they contain. In Flmuirm lactea the oviduct opens into the 
uterine cavity by a single tube, which, passing backwards, divides into 
two equal branches ; and both of these, again subdividing, ramify ex- 
tensively among the caeca derived from the stomach. ^Vc likewise find 
in this species two accessory vesicles, which pour their secretions into 
the terminal sac; 

(409.) The Nemertean HELMixinozoA are marine animals, frequently 
found liu’king beneath stones, or in clefts of rock, on shores left by 
the retreating tide. In their external appearance they have some re- 
semblance to Taeniae, and, like them, arc occasionally met with of pro- 
digious length. In their anatomical structure, however, they differ 
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widely from the Tape-worms, as wiU be immediately evident from the 
following details. 

(41 0.) The body is covered with a sort of semilluid varnish, the wlioio 
surface of which is densely clothed with extremely d('licate and closcdy 
set vibratile cilia, so minute as to bo perceived with dilliculty, except in 
the vicinity of the head, where, at certain points, they present more con- 
spicuous dimensions (hg. 70, 6 h). 

(411.) The alimentaiy apparatus presents a remarkable uniformity 
of arrangement, and, for the purjmse of description, may be divided into 
the mouth, the proboscis, the oesophagus, and the intestine. Then' do 
not ai)pear to be cither salivary or hepatic glands ; neither is the in- 


Anterior portion of Borlatia camitlea. 
a, buccal orifice ; b b, ceiihalic foeaa, pro- 
vided with vibratile cilia ; e e, lobes of the 
brain, brought into communication with 
each ^her by means of a broad sub-ceso- 
phagoSl comnuHSure, and apparently com- 
posed of several ganglia conjoined; d d, lon- 
gitudinal nervous trunks, whence branches 
are derived which supply the muscles and 
internal viscera ; ee e e, cephalic nerves ; 
f f, groups of eye-like specks; ggt cephalic 
loop of the vascular system ; 1 1, medio- 
dorsal vessel, which, on entering the ce- 
phalic cavity, bifurcates to form the trunks, 
k k, that encircle the brain, and afterwards, 
at h h, become continuous with the latenil 
vessels,! i ; in m m m, horizontal diaphragm, 
forming a sheath, in which is lodged the 
anterior portion of the proboscis, o o; » 
the ovuria (testes in the male), furnished 
with eteca that float freely in the lateral 
chambt'rs of the body. The space com- 
prised between the septa, to which the ge- 
nerative organa are attached, forms the 
central longitudinal cavity wherein is 
lodged the digi’stive a])paratU8. 


Fig. 70. 



tcstinal canal provided ^vith an anal outlet. The mouth is a minute 
orifice, situate at the anterior extremity of the body (fig. 70, a), and 
generally surrounded \nth cilia of large dimensions, from wliich a mus- 
cular canal is prolonged for some distance backwards, at the postoiior 
extremity of which may he seen, folded up in tlic interior of the body, 
a powerful proboscis, which is protrusiblo ut the will of the animal, and, 
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like that of the riiinaria described above, is a most efficient instrument 
for seizin^^ prey. Immediately behind the proboscis is situated a very 
remarkable aj^paratiis in the shape of an extremely muscular oesopbaj^iis, 
wherein is lodged a weapon of most extraordinary character, consisting'- 
of a solid transpar('nt spiculum, lodged in a cavity, formed in the thick- 
ness of the ccsophiigcal parietes, wherein is contained a glandular mass, 
by which the calcareous spiculum is apparently secreted (fig. 77, (j), 
Otlier glandular structures (Ji h), probably destined for the elimination 
of some venomous secretion, arc in communication with the styliferous 
(iaA’ity ; so that the dagger-like spiculum, being constantly bathed with 
the secretion thus fui'nishcd, becomes an instrument of a very deadly 
charact(T. The dagger-like weapon, together 
with its immediate appendages, is capable of 77. 


being protruded by the aid of muscular bands 
in connexion with the styliferous cavity, which 
at the same time, by compressing the glands, 
readily cause the emission of their secretion. 
On each side of the formidable apparatus above 
described, there are, moreover, two other cavi- 
ties, apparently of an auxiliary character (fig. 
77, i i), in which a secretion of supernumerary 
spicula is perpetually in progress, apparently 
destined to replace the original one if lost or 
broken. 

(412.) The intestine (fig. 77, h), properly so 
called, succeeds immediately to this strangely 
organized oesophagus, and is continued back- 
wards, floating in tjie central compartment of 
the body, to whi(di it is loosely attached by 
membranous bridles for about three-fourths of 
the length of the worm, at which point its 
calibre rapidly diminishes and its cavity soon 
becomes obliterated, so that it tenninates 
under the aspect of a simple cord. 

(413.) The Hemcrtean Helrainthozoa arc 
possessed of a very complete circidatory system 
of vessels enclosed in proper wuUs. These 
consist of three principal trunks, two of which 
run along the sides of the ventral aspect of the 
body (fig. 76, i ?), while the third occupies the 
middle of the dorsal surface (fig. 76,11): these 



Stj-^lifcroua np]iamtiia of Fo/ia 
munilUIa : a, jiortion of )>ro- 
boaois; 6, portion of tin; infes- 
linc ; f, first (rsophaf'fal dilata- 
tion; </, Bt'fond fTBojihajji'a! di- 
latation ; e e, cPBOjihayral canal, 
prosi'iiting sundry dilatations 
and <'ontractiona ; y, cavity in 
alii 'll ia lod};cd the spiciilnin,// ; 
h h, ►oiaon P-plnnds in connexion 
thcHpiculmn,//; i i, cavities 
>sinf; incompletely formed 
spicula. 


three vessels become considerably increased in size as they approach tho 


posterior extremity of the worm, and ultimately arc conjoined. 


(414.) The median vascular trunk, throughout the greater part of its 


course, is situate immediately beneath the subcutaneous muscular layers ; 
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but when it arrives at the sheath of the proboscis it becomes cncloscfl 
in a special canal, and thus penetrates into the cephalic region, Avhere 
it bifurcates to form the two lateral tmnks, h h, which, after forming 
almost a complete circle around the cerebral ganglia, anastomose with 
the lateral vessels, i ?. 

(415.) The vessels of the body thus becoming conjoined at the points 
h hf form a loop, g g, which surrounds the cephalic region, and is ol 
considerably greater calibre than the trunks from u hich it is derived. 

(416.) The fluid contained in the vascular system above described is 
generally colourless, but sometimes of a reddish or yellowish tinge ; it 
is, however, completely devoid of blood-corpuscles, resembling, in this 
respect, the blood of the Annelidans, which will bo described on a future 
occasion. 

(417.) In these worms, the central or abdominal space is separated 
from the two lateral cavities by vertical septa, to which the reproduc- 
tive organs are attached. The latter consist of a series of caeca (fig. 76, 
n 9i), which are so exactly alike in the two sexes, that it is impossible to 
distinguish the male from the female, except by their contents. These 
caeca are apparently formed of several layers of cells, and are covered 
externally with vibratile cilia. Except duiing the period of reproduc- 
tion, they contain, in both sexes, nothing but an opaline fluid ; but when 
called into action, the ovaria in the female arc found to be filled with a 
liquid wherein corpuscles of various shapes arc seen to bo suspended. 
Some of these have the appearance of perfectly diaphanous spheres, 
which are sometimes isolated, at others surrounded with granulations ; 
and likewise oil-drops of a beautiful golden colour may be detected : but 
the ovaria never seem to contain perfectly developed ova ; these are only 
mot with in the lateral cavities of the body, where they may frequently be 
seen, in different stages of development, floating about between the caeca. 
The vitellus and Purkinjean vesicle arc always more or less apparent. 
WTicn these eggs have acquired their full growth, they stuff, so to speak, 
the whole body of the worm, pressing upon the alimentary canal to such 
a degree that it seems in danger of becoming atrophied, and almost 
completely effacing the median abdominal cavity ; nay, so closely arc 
they squeezed against each other, that they lose their spherical form 
and become polygonal. The number of these eggs is prodigious ; and 
M. de Quatrefages estimates seven or eight thousand to bo a moderate 
complement for a middle-sized worm of this description. 

(418.) The male J^cmertcans present phenomena very similar to those 
just described as occurring in the female. At the period of reproduc- 
tion, the testicular caeca become filled with granulations of various sizes, 
sometimes isolated, sometimes grouped together in round masses ; but 
these do not contain spermatozoids. The latter seem only to occur in 
the lateral cavities of the body ; and even there they are found in various 
stages of development, from granular masses, such as are met with in the 
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ovariii, to ng^^rogations of spcrraatozoids provided with tails and siibsc- 
(piently isolated. At length the body of the male Nemertt^an appears to 
be as com])lotely stuffed with s 2 )ermatozoids as that of the female is with 
eggs, and they are ultimately expelled, in prodigious numb(;rs, into the 
siUTOunding water. 

(419.) The C(ELELMTNTnA, or cavitary intestinal worms of Cimer, 
evidently present a much higher tyi>c of structure than any of the pre- 
ceding. The yl.svrem Inmhrkouhs, as its name imports, so strongly 
resembles some f»f the Annelida in its external configuration, that th(‘ 
zoologist who should confine his attention to outward form alone, might 
be tempted to imagine the affinities connecting them much stronger than 
a comparison of their anatomical relations would sanction. This Entozoon 
is found in the intestines of many animals, and is endowed with some 
considerable capability of locomotion, adapted to the circumstances under 
which it lives ; for in this case the worm, instead of being closely im- 
prisoned in a circumscribed space, may traverse the entire length of the 
intestines in search of a convenient locality and suitable food. 

(420.) In accordance with such an enlarged sphere of existence, we 
observe muscular fibre distinctly recognizable in the tissues that com- 
pose the walls of the body — not as yet, indeed, exhibiting thc^omplcto 
characteristics of muscle as it is found in higher animals, but arranged 
in bundles of contractile filaments, running in determined directions, 
and thus capable of acting with greater energy and effect in producing 
a variety of movements. 

(421.) In this rudimentary state, the muscular fibre does not possess 
the density and firmness which it acquires when completely developed ; 
it has, when seen under the microscope, a soft, gelatinous appearance, 
api)arcntly resulting, from a deficiency of fibrin in its composition ; the 
transverse striae, usually regarded as characteristic of the muscular 
tissue of the more perfect animals, are not yet distinguishable ; and the 
individual tlireads are short, passing over a very small sjmee before they 
terminate. On examining the arrangement of these fasciculi, they are 
seen to be disposed in two layers, in each of which they assume a dif- 
ferent course ; thus, in the outer layer they are piincipally arranged in 
a longitudinal direction, while tho inner stratum of fibres is placed trans- 
versely, affecting a spiral course, so as to encircle the viscera. Prom 
this simple structure various movements result : by the action of the 
longitudinal fasciculi the whole body is shortened ; by tho contractions 
of the spiral layer an opposite effect is produced ; or by the exertion of 
circumscribed portions of tho muscular integument, lateral flexions of 
tho body are effected in any given direction. These motions in tho 
living worm are vigorous, and easily excited by stimuli ; they are there- 
fore abundantly sufficient for the purpose of progression in such situ- 
ations as those in which the creature lives, and enable it to change its 
place in tho intestines with facility. 
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(422.) Around the mouth or anterior part 
of the oesophagus there appears to be a 
delicate nervous ring, probably specially con- 
nected with the association of such move- 
ments of the oral extremity as are essential 
to the imbibition of nourishment. From 
this oral ring proceed two long nervous 
filaments (fig. 78, e e), one of which runs 
backwards along the dorsal aspect of the 
body, while the other occupies a similar 
position upon the ventral surface. The last- 
named filament is described by Cloquet as 
dividing, in the female Aseans, at the 
point where the termination of the organs 
of generation issues from the body (fig. 78, 
1, ?w), so as to enclose the termination of 
the vagina in a nervous circle. 

(423.) The digestive apparatus in tliis 
order of intestinal worms is very simple. 
In Asca^is lumhricoides the aperture of the 
mouth (fig. 78, a) is surrounded by tlircc 
minute rounded tubercles; into each of 
these, fasciculi, derived from the longitu- 
dinal muscles of the body, are inserted in 
such a manner as to cause the separation of 
the tubercles and consequent opening of 
the mouth, which is again closed by a 
sphincter muscle provided for the purpose. 
To the mouth succeeds u short oesophagus 
(fig. 78, 1 & 2, 6), which is separated by a 
constriction from the rest of the alimentary 
canal, and would seem, from the muscularity 
of its walls, to bo an agent employed in 
sucking-in the liquid food upon which the 
creature lives. The true digestive cavity 
(fig. 78, 1 & 2, c r) is a simple and extremely 
delicate tube, which arises from the oeso- 
phagus, and, without presenting any appear- 
ance indicative of separation into stomach 
and intestine, gradually enlarges as it pro- 
ceeds backwards, until it terminates at the 
hinder extremity of the l)ody by a narrow 
aperture (fig. 78, 1 & 2, d). 


Fig. 78. 



Anatomy of Aacarin himhricoides. 1. Female ABcaris: a, oral orifloc; 6, muscular cosophagus; 
c, alimentary canal; d, termination of ditto at the posterior extremity of the body; c, nervous fila- 
ments; k, convolutions of the two ovigerous canals; I, uterine receptacle. 2. Male Ascaris; 
a, b, e, d, c, as above ; convolutions of the testes ; g, its terminal dilatation, ending in i, the penis. 
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(424.) It would socm that tho food of -these Entozoa, being already 
animalized by having undergone a previous digestion, requires little 
further preparation ; and we are not surprised at finding, in tho gene- 
rality of the Ccelelmintha, no accessory glandular apparatus appended 
to the digestive canal for the purpose of furnishing auxiliary secretions. 
In two species only have tributary secreting organs been detected. In 
one example, Onathostoma aculeatum (Owen), found in the stomach of 
the tiger, and which is remarkable as possessing a pair of rudimentary 
jaws, four elongated cajca are appended to the mouth, into which they 
pour a fluid, analogous, no doubt, to that of tho salivary glands* ; in a 
species of Ascaris, found in tho stomach of the dugong, Professor Owen 
likewise discovered a csccal appendage opening into the alimentary tube, 
at some distance from the mouth, and which, without much stretch of 
imagination, might be regarded as tho first and simplest rudiment of a 
biliary system f. 

(425.) In further prosecuting our inquiries concerning the process of 
nutrition in these Entozoa, we must now speak of a peculiar structure, 
first noticed by Cloquet i, and apparently intimately connected with the 
assimilation of nutriment. Projecting from the inner surface of the 
abdominal cavity, especially in tho dorsal and ventral regions,^here are 
a great number of gelatinous, spongy processes {ai'tpendlces nourriciers), 
which, although they have no apparent central cavity, would seem to 
he appended to vascular canals seen upon the lateral aspects of tho 
body : it is probable, therefore, that their office is to absorb tho nutri- 
tive juices that exude through the delicate walls of the intestine 
and convey them into the cii'culatory apparatus; or they may be 
reservoirs for nourishment, analogous to the adipose tissue of higher 
animals. • 

(42(5.) In the Ccelelmintha the sexes are separate ; and the generative 
organs, both of the male and female, exhibit great simplicity of struc- 
ture. In the female Ascans, the aperture communicating with tlio 
ovigerous apparatus is placed upon the ventral aspect of tho body, ji 
little anterior to the middle of the worm (fig. 78, l, m). ITiis opening 
leads to a wide canal (Z), usually called the uterus ; and from the last- 
mentioned organ arise two long and undulating tubes, which, dimi- 
nishing in size, run towards the posterior extremity, where they become 
completely filiform, and, turning back upon themselves, are wound in 
innumerable tortuous convolutions around the posterior portion of the 
alimentary canal, until the termination of each becomes nearly imper- 
ceptible, from its extreme tenuity. In these tubes, which, when unra- 
velled, arc upwards of 4 feet in length, the ova are formed in great 
numbers, and are found to advance in maturity as they approach the 

* Owen, Proceedings of the Zoological Society, Nov. 183G. 

t Preparation No. 429 A, Mas. Coll. Surg., Phys. Catalogue, p. 121. 

X Anatomic des Vers intestinnnx. Paris, 1824. 
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dilated terminal receptacle common to both oviducts (/), from wliicli 
they are ultimately expelled. 

(427.) The attenuated commencements of the genital tubes in tlic 
female Ascaris may be considered as representing the ovary, wlien^in 
may be discovered numerous small round cells, which, as they advance 
forward, begin to be surrounded with a granular vitelline substance, 
wherein the primitive nucleated cells are still visible : these cells, there- 
fore, ought perhaps to be regarded as germinal vesicles. Still further 
onward the eggs are of a diseoidal shape, and are arranged in a row, or 
are grouped closely around a rachis that travers.es the axis of the ovary. 
In that portion of the genital canal which may bo considered as repre- 
senting the Fallopian tube the ova become more mature, and subse- 
quently, surrounded by a double colourless envelope, pjiss into the base of 
the uterus. This last is the widest portion of the genital tubes, and is 
distinguished in the living animal by its well-marked peristaltic action. 
Tlie vagina, distinguishable from the uterus by its narrowness and its 
muscular walls, opens into the vulva — a narrow transverse fissure, some- 
times surrounded by a very remarkable fleshy swelling, generally situ- 
ated either in front of or near the middle of the body, but in some cases 
in the v^inity of the anus. The sperm is usually accumulated in the 
bottom of the uterus to such an extent as to render it probables that this 
is the locality where the fecundation of the ova takes place*. 

(428). The male .dscons lumhricoides is considerably smaller than 
the female, and the structure of its generative system remarkably similar 
to what has been just described in the other sox. Tlie testis or gland, 
which secretes the impregnating fluid, is a single, delicate, tubular fila- 
ment (fig. 78, 2,/), which, when unravelled, is found to bo nearly 3 feet 
in length, and is seen winding, in close and almost incxtricfiblc folds, 
around the middle and hinder parts of the intestine. The termination 
of this tube, g, may be traced 
to the tail or anal extremity 
of the worm, where it ends in 
a filamentary retractile penis, 
iy in which the microscope 
exhibits a minute receptacle. 

A/herein the seminal fluid ac- 
cumulates preparatory to its 
expulsion ► During copulation 
the penis of the male is intro- 
duced into the vulva of the 
female, by which it is firmly 
embraced, and the different 
positions which the external Trichina Bpiralis. 

parts occupy in the two sexes is evidently an arrangement favourable 
to their intercoui*8C. 


Fig. 79. 



* Sicbold, he. cit 
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(429.) The TneJima spiralis (fig. 79) is an Entozoon found in im- 
mense numb(‘rs imbedded in the cellular intervals between the mus- 
cular fibres ; and in some instances all the voluntary muscles seem full 
of these creatures, exhibiting, when viewed with the naked eye, an 
appearance imitated in the annexed figure (fig. 79, c). On examining 
the white specks attentively under the microscope, every one of them 
is seen to be a flask-shaped vesicle, apparently formed of condensed 
cellular membrane, in which the minute animal is lodged ; and when 
this outer covering is ruptured, as at a, the worm escapes. A mag- 
nified view of the Entozoon is given at &, coiled up in the position in 
which it is seen prior to th# destruction of the sac that enclosed it. 
The body seems to be filled with granular matter, which escapes when 
the worm is tom asunder (d ) ; but whether it possesses a true ali- 
mentary tube is not as yet satisfactorily determined. 


CHAPTER VIII. 

ECIIINODEBMATA» (Cuv.). 

(430.) Tfe next class of beings which presents itself for our con- 
sideration seems, upon a partial survey, to be completely insulated and 
distinct from all other forms of living creatures ; so peculiar is the 
external appearance and even the internal organization of the families 
composing it. The casual observer who should, for the first time, exa- 
mine a star-fish or a sea-urchin, two of the most familiar examples of 
the Echinodermai^i met mth upon our shores, would, indeed, find it a 
difficult task to associate them, cither to the simpler animals we have 
already described, or to more perfect forms of existence hereafter to be 
mentioned ; they would seem to stand alone in the creation, without 
appearing to form any portion of that scri(;s of develo 2 )mcnt which we 
have hitherto been able to trace so continuously. 

(431.) But this aj^parent want of conformity to the general laws of 
development vanishes on more attentive examination ; so that we may 
not only follow the steps by which every family of this extensive class 
merges insensibly into another, but perceive that, at the two opposite 
points of the circle, the Echixodermata arc intimately in relation with 
the Polyps on one hand, while on the other they as obviously approxi- 
mate the Annuloso animals, to which the most perfectly organized 
amongst them bear a striking resemblance. 

(432.) It would be impossible within our present limits to do more 
than lay before the reader the most important types of structure 

* hedgehog; Sepfia, tlie skin. 
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exhibited by the Echinodehmata ; it must noveriheless be understood 
that innumerable intermediate families connect the diiferont genera ; so 
that, however dissimilar the examples wo have selected for the purp(>so 
of elucidating their general habits and economy may appear, the grada- 
tions leading from one to another are easily discoverable. 

(433.) Crinoid^.— We have already found that many tribes of PoljTS 
secrete calcareous matter in large quantities, constructing for thcmsel\cs 
the solid skeletons or polyparies which generally seem to be placed 
external to their soft and irri- 
table bodies, but occasionally, as 
in Pennatula^ within the living ♦ 

substance. Let us for a moment 
suppose a polyp supported upon 
a prolonged stem, and that, in- || i 
stead of depositing the earthy M 

particles externally, they should 
be lodged in the substance of the 
polyp itself, so as to fiU the TOa 
pedicle, the body, the tcntaeula 
around tl^c mouth, and all the 

appendages belonging to the ani- / f 

mal, with solid pieces, of definite ^ i 

form ; such pieces, being con- 

ncctcd together by the soft parts, ^ / 

and surrounded on all sides with i 

irritable matter, would thus fonu rx \ 

a complete internal skeleton, S 

giving strength and support to 

the entire animal, and at the / 

same time allowing flexure in ^ 

eveiy direction. A polyp so con- 
stitiited would obviousl}^, when ^ 

dried, present an appearance Enmnus. 

similar to what is depicted in the annexed engraving (fig. 80), repre^- 
senting an Encrinoid Echinoderm in its perfect condition. That ani- 
mals thus allied to poljps in their outward form have, in former times, 
existed in great numbers upon the surface of our planet is abundantly 
testified by the immense quantities of their remains met with in various 
calcareous strata ; but their occurrence in a living state is at present 
extremely rare : one minute species only has been detected in our own 
seas*; while specimens of larger growth, such as that represented in 
the engraving, derived from tropical climates, arc so seldom met with, 
that it is fortunate one or two examples have been found, to reveal 

• Thompson (J. W.), Memoir concerning the Fvnfacrinm eurovmifi. Cork, 
1827, 4to. 
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to us the real stmctiirc of a race of animals onee so common, but now 
almost comi)letcly extinct. The body of the Encntuis (fig. 80, a) (or 
pelvis, as the central portion of the animal is termed by geological 
writers) is composed of numerous calcareous pieces, varj'ing in shape 
and arrangesment, so as to become important guides to the identification 
of fossil species ; from this central part arise the largo rays (h 6), each 
furnished with a double row of articulated appendages, which, as well as 
the arms, are no doubt instruments for seizing prey and conveying it to 
the mouth, situated in the centre of the body, near the point a. This 
part of the animal, when found in a fossil state, from its resemblance to 
a flower, has received the common name of a lily-stone.’^ 

(434.) The body above described, with the rays proceeding from it, is 
supported upon a long pedicle (e), divided into countless segments ; and 
upon the sides of the stem, similarly-constructed filamentary branches 
are fixed (d d) at equal intervals. The skeleton of an Emrimte consists, 
therefore, of thousands of regularly-shaped masses of calcareous earth, 
kept together by the living and irritable flesh in which they are im- 
bedded ; and it is to the contractions of this living investment that the 
movements of the animal are due ; but after the death of the creature, 
and the consec^uent destruction of its soft parts, the pieces o^thc earthy 
framework become separated and fall asunder, forming the fossil remains 
called Troc/ii,^’ and known in the northern districts of our own island, 
whores they arc very abundant, as St. Cuthbert's heads. 

(435.) Of the internal structure of the fencrinites nothing is satisfac- 
torily known. That tlicy possessed a distinct mouth and nnal aperture 
is evident from the structure of the plates of the body ; but this is the 
ext(mt of our information concerning them*. 

(430.) AsTERip.E. — In order to convert an Enciinus into an animal 
capable of locomotion and able to crawl about at the bottom of the sea, 
little further would be reipiisite than to separate the body and arms 
fr(jm the fixed pedicle upon which they are supported ; we sliould then 
liave a creature rcscmbliug in cvciy particular the Star-fishes. The 
Comat 111 a, fin’ (example (fig. 81), one of the lowest of the asteroid Ecliino- 
derniata, might be looked upon as an animal thus detached. The 
central part, or body, which contains the viscera, is made iq) of nume- 
rous calcareous plates, having in its centre a stelliform mouth ; and near 
this is a tubular orifice, probably to be regarded as an anus. Around 
the margin of the central disk arise five stunted arms ; but these imme- 
diately divide into a variable number of long radiating branches, com- 
posed, like those of the Eucrinus, of innumerable articulated earthy 
pieces enveloped in a living and irritable integument. We find, more- 
over, issuing from the sides of every one of the pi’olonged rays, a double 
row of secondary filaments, each containing an internal jointed skeleton, 

* For a detailed account of tlic fossil Enevinites, (he reader is referred to ‘A Natural 
History of tlio Crinoidca, or Lily-shajied Animals/ by J. S. Miller. 4to, Bristol, 1821. 

M 2 



164 


ECiraODERMATA. 


and capable of independent motion. The complicated arms of the 
Gomatula, therefore, arc not, like those of the Polyp, merely adapted to 
seize prey, but, from their superior firmness, may he used as so many 
logs, enabling the animal to travel fron place to place. 

Setting out from 

this point to trace Fig. 81. 

the gradual develop- 
ment of organization 
in the Echinodermata, 
we shall observe a pro- 
gressive concentration 
of their entire structure. 

The central part, or vis- 
ceral cavity, so small 
in the Gomatula when 
compared to the com- 
plicated rays derived 
from it, enlarges in its 
proportional dimensions 
as the ^cera con- 
tained within it become 
more perfect in their 
arrangement, whilst, on 
the other hand, the radiating or polyp form, so visible in Encrimis and 
Gomatula, becomes obliterated by degrees, until, at length, almost all 



vestiges of it are lost, 
or but obscurely recog- 
nizable. 

In the Gorgonoce- 
joTiahis (fig. 82 ), the pro- 
portionate size of the 
rays, when compared 
udth that of the central 
disk, still preponde- 
rates very considerably, 
although even here 
some concentration is 
manifest. The second- 
aiy articulated fila- 
ments appended to the 
rays of Gomatula are 
no longer recognizable. 


Fig. 82. 



their place being sup- Gorgonoce-i.haius. 


plied by the continual division and subdivision of the I’ays themselves : 
the same end, liowevor, is obtained in ])oth cases ; for the numerous 
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jointed aiul flexible rays of Gori/ouocrpJialua still form so many b'gs, 
onabliii}^ the creature to draj? itself along the bottom of the sea, or hi 
entwine itself among the submarine jdunts, as well as sui)i)lying the 
office of tentacula in securing food. 

(437.) Continuing our progress towards more perfect forms of thesti 
remarkable animals, we at length arrive at genera in which the rays 
become div(‘st(id of all elongated appendages, cither in the shape of arti- 
(adated lateral fdaments or dichotomous ramifications. Tn OjJuam, 
for instance (fig. 83), the rays are long and simidc, resembling the tails 


Fig. 83. 
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of so many serpents — a circumstance from whence the name of the 
family is derived ; nevertheless, on each side of every ray we still trace 
moveable lateral spines, which, although but mere rudiments of what 
wo have seen in Coinatnlay may yet assist in locomotion, or perhaps may 
contribute to retain the prey more firmly when seized by the arms. 
The rays themselves are composed of many pieces curiously imbricated 
and joined together by ligaments, so that they are, from their length 
and tenuity, extremely flexible in all directions, and serve not only for 
legs, adapted to crawl upon the ground, but are occasionally serviceable 
as fins — able to support the animal in the water for a short distance by 
a kind of undiilatory movement. The body, or central disk, is beauti- 
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fully constructcfl, being made up of inmimorablc picc’os accurately fitted 
together. The mouth occupies the centre of the ventral surface, and is 
surrounded by radiating furrows, in whieli arc sei>ii minute a])erturos 
that give passage to a set of remarkable ])r('liensile organs, to 1)0 (!('- 
scribed hereafter : these are calculated to act as suckers, and so disposcal 
as cither to fix the body of the animal, or to retain food during tlie 
process of deglutition. 

(438.) Leaving the OphhmVj wo are led through a long scries of 
almost imperceptible gradations to the Star-fislu's {Aatenas) (fig. 87) ; 
in these, from the increased size of the body, the rays are united at 
their origin, and become so much dilated as to contain prolongations of 
the viscera lodged in their interior — an arrangement not met with in 
Ophinrm and other slender- ray edAstcridie. The dilatation of the central 
part proceeds, and in the same proportion the rays become; obliterated ; 
so that by degrees, the asteroid shajm becomes totally lost by the pro- 
gressive filling up of the interspaces between the rays, and we arrive 
ultimately at comjdetely pentagonal forms, the sides of the pentagon 
being perfectly straight lines. 

(439.) It is extremely interesting to observe the changes which occur 
in th? n^ajure of the locomotive organs during these diversifications of 
external fi^e. We have seen that, in the lower Echinodermata, pos- 
sessing long and flexible rays, such organs were fully adequate to per- 
form all movements needful for progression ; but as the mobility of 
these parts is diminished by their gradual curtailment and the filling 
up of the spaces between them, some compensating contrivance becomes 
indispensably necessary; and accordingly we find an apparatus gradually 
developed, well calculated to meet the exigences of the case. In Ophl- 
ura we have already mentioned the existence of pi^otrusible suckers 
around the opening of the mouth, well adapted, from their position, to 
take firm hold of food seized by the animal ; and it is by increasing the 
number of such organs that ample compensation is made for the loss of 
motion in the rays themselves. On examining the lower surface of an 
Aderias, even in those forms which most approximate a right-lined 
pentagon in their marginal contour, the number of rays will still be 
found to be distinctly indicated by as many furrows radiating from the 
mouth, and indicating the centre of each division of the body. These 
jmhuJacral furroivs,’^ as they arc termed, exhibit, when examined in 
a dried specimen, innumerable orifices arranged in parallel rows, through 
each of which, when alive, the animal could protrude a prehensile 
sucker, capable of being securely attached to any smooth suiface 
(fig. 87). 

No verbal description can at aU do justice to this wonderful mecha- 
nism, even leaving out of the quc.stion the means by which each indi- 
vidual sucker is uueldod (of this wc shall speak hereafter) ; but let any 
of our readers, when opportunity offers, pick up from the beach one 
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of tlioso animals, the common Star-fish of our coast, which, as it lies 
upon tlio sand, loft l)y the retiring waves, appears so incapable of move- 
ment, so utterly helpless and inanimate ; let him place it in a large 
ghiss jjir filled ^^•ith its native element, and watch the admirable spec- 
tacle which it then presents. Slowly its tapering rays expand to 
tlieirfull stretch ; hundreds of foot are gradually protruded through the 
aiubi Jacral apertures, and each, apparently possessed of independent 
action, fixes itself to the sides of the vessel as the animal begins its 
march. The numerous suckers are soon all employed, fixing and de- 
taching themselves alternately, some remaining firmly adherent, while 
others change their position ; and thus, by an e(juable gliding move- 
ment, the Star-fish climbs the sides of the glass in which it is confined, 
or scales the i)crpcndicular surface of the submarine rock. 

It is not only as agents in locomotion that the ambulacral suckers are 
used ; for, hel])less as these creatures appear to bo, they arc among the 
most formidable tyrants of the deep, as will be readily admitted by any 
one who watches them in the act of devouring prey. When seizing its 
food, the rays of the Asterias are bent towards the ventral aspect, so as 
to form a kind of cup, in the centre of which is the opening of the 
mouth. The cup thus formed will, to a certain extent, 
passing 'sdetim; but, mthout other means of seeming it, the pasp would 
scarcely bo very formidable to animals possessed of any strength ; armed, 
however, as the rays have been found to bo, with hundreds of tenacious 
suckers, escape is almost impossible ; for prey, once seized, is secm'cd by 
every part of its surface, and, in spite of its utmost efforts, is speedily 
dragged into the mouth and engulfed in the capacious stomach, where 
its soft parts are soon dissolved. 

But to continue our survey of the class before us. Having arrived 
at the point at which, by the diminution of the rays and consequent 
extension of the central part, the body has assumed a pentagonal out- 
line, wo may now advance in an equally gradual manner to those 
globular species of which the Echinus or Sea-urchin is the typo or most 
perfect example. 

(440.) Echini — In the SciUellw (fig. 84), we have a fiat and 
shield-like body, in which even the angles of the margin arc; lost, and 
the whole circumference acMpiires a circular form; t^t still tlie five 
radiating ambulacra are visible upon the centre of the disk, although 
cridcntly imperfectly developed when compared with those of the Aste- 
ridae above-men tioiicd. The nature of the integument has, in fact, be- 
come so changed, that another modification of the locomotive organs is 
now imperatively called for ; and the means of progression are therefore 
proportionately altei;ed. In the Asterida), the integuments, especially 
upon the dorsal asjicct, arc always more or less composed of a coriaceous 
material, or, at least, of solid pieces so articulated together as to peu’mit 
of considerable flexibility : but in the Ecliinidic the nature of the ox- 
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ternal covering is very different ; for these creatures seem comjih^tcly 
encased in a dense calcareous shell, composed of numerous fingular pieces 
accurately fitted together and incapable of movement. The ScutdlcVy 


Fig. 84. 



Soutella. 


moreover, bury themselves beneath the surface of the sand — a situation 
in which suckers would be of Httlo use, but for which these animals 
are admirably adapted by a contrivance .not less calculated to excite the 
admiration of the observer. The exterior of the shell is entirely covered 
with minute appendages resembling, when seen with the naked eye, 
delicate hairs ; but these, when examined under a micjroscope, are found 
to be spines of most elaborate structure, as is evident from the mag- 
nified view of one represented in the annexed figure (fig. 84). Innu- 
merable as these spines arc, every one of them is articulated to the shell 
by a kind of ball-and-socket joint, and susceptible of being moved in 
all directions ; so that by their combined efforts the Scutella can speedily 
bury itself, either for the purpose of procuring food, or of eluding 
observation. ^ « 

(441.) Eroi^fli& flat Scutellce, the passage to the globose EcniNiniE 
is uninterrupted ; and a beautiful series of connecting forms (many stiU 
existing as living species, but a still greater number found only in a 
fossil state) demonstrate the progressive expansion of the shell, and 
its conversion in|o the spherical figure seen in the Echinus esculentus 
(fig. 85). The Echinus in shape resembles an orange, its dense calca- 
reous crust enclosing the viscera within its cavity, while the locomotive 
apparatus is placed upon the external surface. The mouth is a simple 
orifice in the shell, placed at one extremity of its axis ; and through it, 
as represented in the figure, the points of five singular teeth project 
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externally ; while the anal aperture is situated at the opposite pole of 
th(^ s 2 )hero. The instruments of locomotion occupy the entire superficies 
of the shell, and consist of two distinct sets of organs adapted to different 
uses. The first consists of a multitude of sharp purple spines, every one 
of which is artitiulated 

to a distinct and promi- Fig. 85. 

nont tubercle whereon 
it moves. Th(‘so nu- 
merous spines, there- 
fore, which are essen- 
tially similar in their 
office to those we have 
already described in 
!:^cutelhty diffciiing only 
in proportionate size, 
are so many inflexible 
legs, upon which the 
Echinus rolls itself from 
place to place, or by 
their assistance it can 
bury itself in the sand 
with the greatest faci- Bchinns esculentus. 

lity. But these won- 
derfully eonstructed animals are by no means confined to this mode of 
progression ; for, impossible as it might appear from their outward ap- 
pearance, they are able to cKmb rocks in search of food, and thus destroy 
the corallines and shell-fish upon which they principally feed. In order 
to effect this, we find the shell perforated with ten rows of small orifices, 
so disposed as to form five pairs of ambulacra extending from one pole to 
the other : through these apertures a system of long suckers is made to 
issue, which, protruding (as represented in fig. 85) beyond the points 
of the spines, can bo firmly fixed to any smooth surface, and, like the 
suckers of Asterias, become locomotive agents. 

(442.) HoLOTiiuRiDjE. — Having traced the development of thoEchino- 
dermata from the pol} 7 )iforra Emrlnite to the globular Echinus, we now 
shall find them perceptibly approximate an annulose or worm-like form. 
In the Ilolothuria (fig. 100), the commencement of this change is per- 
ceptible : instead of being composed of hard, calcareous pieces, the in- 
teguments of the body now become soft and irritable, a few thin laminte 
of earthy matter around tlie mouth being the only vestiges of the shell, 
and the sjnnes, of course, are no longer mot with ; tlic suckers, however, 
remain, and, when protnided through innumerable apertures distributed 
over the surface of the body, they still form the principal instruments 
of progression. 

(443.) EisTULAiUDji:. — At length, in the kist division of the class, even 
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the locomotive suckers arc lost, and the only external resemblance h'lt 
between the now worm-like body and the forms above enumerated, is 
met with in the radiating tentacula that 
surround the mouth. The apodous Echino- Eig. 8G. 


demiata Echinodermes sans pieds” of 
Cuvier) have indeed been expunged from 
the list of radiated animals by some modern 
writers ; but in every point of their internal 
structure we shall find them offer too 
many points of similarity to permit of their 
expulsion from the class under considera- 
tion, although they evidently foiin the con- 
necting link between the Radiata and the 
lowest families of the Annulose division of 
the animal kingdom. The genus Fistulana 
(fig. 8(3) strikingly exhibits an approxima- 
tion to the outward form of the Axxelida ; 
and the anatomy of these creatures, which 
we shall afterwards consider, equally indi- 
affinities that unite them. 

(444.7'^\Ve have already, when speaking 
of the general division of the Ecuinodee- 
mata, put the reader in possession of all 
that is satisfactorily kno^ra concerning the 
structure of the Crinoid* genera, — our 
knowledge of those singular animals being 
entirely derived from the exterior confor- 
mation of a few recent species, and from 
the mutilated skeletons of fossil Encriniics, 
which exist in such abundance in the lime- 
stone strata of our own coimtrj^ 

(445.) Commencing, therefore, with the 
AsTEitrmEf, we shall now enter at once 
upon the consideration of the anatomy of 
such species as have been most carefully 
examined, and merely notice incidentally 
the modifications which occur in the dispo- 
sition of various organs in kindred genera. 

(446.) On examining a living Asfmus, 
the outer covering of its body is found to be 



composed of a dense coriaceous substance, Fistulana. 


in which numerous calcareous pieces are 


axiparently imbedded. The coriaceous integument is generally coloured 


* Kpivov, a lily ; cT^os, likeness. 

t The name of this family and of il.s typical genus is derived from d(TTt}p, a star. 
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oxtcmally with lively tints, and is evidently possessed of considerable 
irritability, as it i'('a(lil}' shrinks under the knife, or upon the applica- 
tion of ^•ario^ls stimuli, \\nicn cut into, it has a scmicartilaginous 
hardness ; and fibrous hands, almost resembling tendon in their aspect, 
may bo seen to radiate from the centre of the body towards the extre- 
mities of the rays. There is no doubt that the movements of the rays 
are effected by the contractions of this fibrous membrane, and that, 
especially in the most polyp-like forms, as in Comatula and Gor^ono- 
cephalus, the irritable skin is the principal agent in effecting loco- 
motion. 

(447.) Besides the calcareous matter deposited in its interior, this 
outer covering of the Star-fish appears to furnish several secretions of 
different descriptions. The colouring matter upon its surface is no 
doubt one of these ; as is a reddish fluid which exudes from the integu- 
ment of A. rubenSy and is of so caustic a quality as occasionally to pro- 
duce great irritation of the skin in persons by whom individuals of this 
species are incautiously handled : moreover, in A. aurantiaca the whole 
animal is coated with a thick mucus, so dense and filamentous that it 
may be raised in thin films resembling a cobweb, and might easily h/> 
taken for a cuticular covering. 

(448.) The exterior of the body is generally rendered rouglrancl uu- 
eveii by various structures, either imbedded in the substance of the 
coriaceous skin or projecting from its external surface. AVe have 
already described the articulated pieces attached to the rays of Coma- 
iula and others, which seem to be the most perfectly developed forms 
of these cutaneous appendages. In the common Star-fish of our own 
coast, .similjir spinous processes, but composed of only one calcareous 
piece, are attached ,to the inferior margins of each ray, sometimes in 
scvci Jil roAvs ; and, being still moveable, the)* may be useful in seizing 
])rey, or even as assisting in progression. Upon the dorsal aspect of 
the body arc other calcareous projections, exhibiting a great variety of 
forms, so as to render the entire surface of the animal uneven and 
tuberculated. 

(449.) But the most remarkable ai^pcndagcs to the integument of 
the Asterias are minute bodies, which have been named by authors 
PedleeJlarhvy and have been looked upon by many naturalists as distinct 
animals, allied to Poly 2 )s in structure, and living parasitically U 2 )on Star- 
fishes and other Erfiinodermatu. Each of these curious processes con- 
sists of a short stem, fixed by one extremity to the skin of the Asterias, 
and terminating at the opposite end in two or tlu’cc points resembling, 
in some respects, the prong’s of a fork : the stem itself does not seem 
to be perforated by any canal; nevertheless the terminating points 
are found to be highly irritable, and quickly seize hold of any minute 
body placed between them. Home writers regard those bodies as organs 
of prehension, used under certain circumstances for fixing the animals 
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that possess them ; hut, from their small size and general appearance, 
they seem hut ill adapted to such an office. 

(450.) The skeleton or calcareous framework imbedded in the skin of 
the Asteridse is by no means the least remarkable part of their structure : 
this consists of several hundred pieces, variously disposed, and for the 
most part fitted together with great accuracy, being either firmly sol- 
dered to each other, as we have seen them to bo in the formation of the 
calcareous box that constitutes the central portion of O^jhluni, or united 
by ligaments, so as to allow of a considerable degree of motion to take 
place between them, as in the rays of Ophiura, GonjonocephaluSy and 
other Asteroid forms. 

(451.) In the generality of Star-fishes, the arrangement, and indeed 
the entire character of the calcareous plates, differs materially in dif- 
ferent parts of the body ; and even in the same species considerable 
modifications are observable. In the coriaceous integument forming 
the dorsal parietes of the animal, the pieces in many cases seem rather 
to be represented by calcareous granules disseminated through the in- 
terior of the skin ; in other cases they are arranged in lines anasto- 
mosing with each other in all directions, so as to represent, when the 
^^^a^^ Ja^j iied, a rude network of solid particles, upon the exterior of 
whichuio various cutaneous appendages already noticed are sustained. 

(452.) It is, however, upon the ventral aspect of the Astcrias that 
the skeleton assumes its most perfect development ; the fioor of every 
ray is made up of a continuous series of detached pieces, or vertebrae, 
as they arc generally called, fitted to each other and united by a strong 
ligamentous substance, so as to form a succession of joints, upon which 
the fiexibility of the ray depends. The pieces around the mouth con- 
stitute a strong circular framework enclosing the, oral aperture, from 
which, as from the centre, the rest of the skeleton radiates. The joints 
forming the floor of the ray succeed to this ; these are partially repre- 
sented in fig. 90, where, the soft parts having been removed from the 
ray marked b, their general arrangement is displayed. 

(453.) The vertebne, as they arc called, when thus exposed are found 
to be individually composed of several pieces, and each is articulated by 
oblique facets to those which precede and follow it, — a kind of union 
that admits of considerable motion, and provides for the flexibility of 
the ray, so as to render it capable of executing movements requisite for 
the purpose of progression, or of seizing prey. The connexion of the 
vertebree is effected in such a manner, that between each pair of calca- 
reous plates minute orifices are left, which in the entire state of the ray 
are seen to be arranged in a quadruple series ; these holes give passage 
to the locomotive suckers, and from this circumstance have been named 
the amhulacral holeSy while the furrows, seen upon the ventral surface, 
into which they open are designated the amhulacral grooves. 

(454.) The suckers, which at the will of the animal are protruded 
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through the ambiilaoral apertures, forming the principal agents whereby 
locomotion is csffoctc'd, next require our notice. In the annexed figure 
(fig. 87 ) they arc seen fully extended, projecting for some distance 


Fig. 87. 



Astcrias. 


beyond the margins of the ambulncral grooves that occupy the middle 
of each ray, every one of them being furnished at its extremity with a 
sucking disk, adapted to take firm hold upon any smooth surface. The 
mechanism whereby these suckers, or feet, as they are usually called, 
.arc extended from the body and again retracted, is very simple. That 
portion of each foot which is external to the shell is a muscular tube, 
closed at one extremity, namely that whorcunto the sucker is appended ; 
whilst by the opposite it communicates, through the corresponding 
ambulacrul hole, with a globular contractile vesicle situated within the 
body of the animal. Both the tubular foot, and the vesicle appended 
to it, arc endowed with a power of independent action ; so that, if the 
vesicle contracts, the fluid within it is forced into the external tubular 
portion of the organ, which thus becomes distended and rendered erect ,* 
but if, on the other hand, the muscular tube shrinks in turn, the con- 
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tained fluid is forced back again into the internal vcsi(dc, and tlic bole 
foot collapses. The arrangement referred to will be easily intelligible 
on ref(!renec to the annexed rough diagram, which represents a lon- 
gitudinal so(;tion of one of the rays of the Asterias dcpicAcd ai)ove. 
The internal vesicles (fig. 8S, 1, h) occu 2)7 the door of each segnK'iit of 
the body ; and when viewed from above (fig. f)0, d), the entire series 
rcsemldes strings of transparent beads jdaced above the rows of ambu- 
lacral apertures, through wliieh they communicate with the tubular 
feet (fig. 88, 1, r/). In fig. 88, 2, three of these organs arc represented 



1. Diagrammatic section of a Star-Ash: o, month; ft, stomach; c, intestiniform p«ea; <7, dorsal 
surface; e, ambulacral plates;/, ovarium; g, tubular feet; A, internal .vesicles. 2. Diagram re- 
presenting the suckers in dilTerent states of exhmsion: a, ambulacral plates; 6, c, (/, internal 
vesicles ; e,/, g, vascular system; *, tubular foot, laid open to exhibit A, 7, its muscular coats. 

in different states of extension, and their whole structure is developed. 
The foot {d) is shown protruded to its full extent ; the vesicle, much 
contracted, has forced the fluid which it contained into the extcimal 
tube (/), whereby it is rendered tense and prominent. The muscular 
coats that invest the exterior of the protruded portion are likewise de- 
ducted ; the internal layer (7<r), immediately in contact with the mem- 
branous canal continued from the vesicle, is made up of longitudinal 
hands passing from the root of the organ towards the sucker at its 
extremity, while the outer layer (/) consists of circular fibres, — an 
arrangement evidently adequate to the performance of all required 
movements. 

(4.55.) The other portions of this difigram represent the feet in dif- 
ferent stages of protrusion : in fig. 88, 2, c, the vesicle being partially 
contracted, the tubular portion is seen in a medium state of distention ; 
and at ft, the sucker is shown in a still more retracted state, the con- 
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taiTicd fluid having ])ccn completely expelled from the muscular tube and 
driven hade into the vesicle, which is distended to the utmost. 

(450.) Tlie fluid that thus fills the .suckers, and performs so import- 
ant a part in causing all their movements, is not secreted by the vesicles 
in which it i.s contained, but is conveyed into them by a special vas- 
cular apparatus (fig. 88, 2, ^/, /), from which branches are given off to 
ca(;h tube. The nature of the fluid, however, and the arrangement 
of the vessels through which it flows will bo more properly discussed 
hereafter. 

(457.) The whole inner surface of the elaborately-constructed box 
that forms the skeleton as well as the integuments of the Star-fish is 
lined by*a thin membrane, aptly enough called iha peritoneum ; for, like 
the serous tunic so named in higher animals, it not only spreads over 
the walls of tlic body, but is reflected therefrom upon the contained 
vis(;era, so that they arc completely invested by it, each visciis having 
a distinct mesenteric fold whereby it is supported and retained in situ. 

(458.) The mouth of the Asterias occupies the centre of the lower 
surface of the body (fig. 88, l, a). It is usually described as being a 
simple orifice, entirely destitute of teeth, although it is not improbable 
that the osseous ring around it, and the articulated spines thOTcimJg^ 
attached, may, to a certain extent, perform the office of a deii«rfl*appa- 
ratus. 

(459.) The oesophagus is very muscular, and susceptible of great 
dilatation, its parietes being gathered into deep longitudinal folds. The 
stomach (fig. 88, l, h) is a wide, sacculated bag, occupying the central 
portion of the body, and, like the oesophagus, is evidently calculated to 
undergo considerable distention. There is no anal orifice ; and conse- 
quently, as in the Polyps, the indigestible parts of the food are again 
expelled through the mouth. The walls of the stomach, as well as those 
of the oesophagus, contain muscular fibres, and are further strengthened 
by fibrous bands, apparently of a ligamentous character, derived from 
tlio peritoneal covering that spreads over its outer surface. Ten narrow 
canals open by as many distinct orifices into the sides of the stomacli, 
each of which, after a short coiu’se, expands into a voluminous emeum 
(fig. 88, 1, c). 

(460.) The whole of the digestive apparatus is displayed in fig. 89 : 
every one of the five rays contains two of the cuccal prolongations derived 
from the stomach or central bag («) ; and in the rays marked c, dy Cy 
these organs arc represented \n sitUy but at / they are seen raised from 
their natural position and carefully unravelled, so as to display more 
distinctly their complicated stnicturc. Wlien thus unfolded, the caeca 
present an arborescent appearance, the central canal being dilated into 
numerous lateral sacculi, from which, in turn, secondaiy pouches are 
given off ; and in this manner innumerable ramifications are formed, so 
that tlie extent of internal surface is ononnously increased, as may be 
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seen in the ray g, wherein, the upper walls of the c£cca having l)cen 
removed, their sacculated internal stnicturo is rendered visible. 

(461.) With respect to the exact office of these capacious appendages 
to the stomach, there exists some diversity of opinion. 

(462.) It is scarcely possible that they can be at all instrumental in 
the digestion of food, the passages whereby they communicate witli the 
central cavity being too naiTow to admit any solid substance into tlicir 
interior; the digestive process would therefore seem to be entirely 
accomplished by the receptacle into which the food is first introduced. 
But there is every evi- 
dence to prove that, al- Eig. 80. 

though they can have ^ 

little part in digestion, 

the csBca are intimately ^ 

connected -with the ah- 

sorption of nutriment ; 

and thus, although pos- 

sessing no excretorj' 

orifice, they must bo 

upon as strictly ^ 

analogoli& in function to 

the intestinal canal of mffjn ^ 

other animals : the great jtf/M ^ 

extent of surface which 

they present internally ^ 

would alone lead to this ^ 

supposition, even did not Digogtive apparatus of AsttTias : nr, stomadi ; 6, h(*patic (?) 

tbp TinfnrP nf mn appendages the sanuMinravdlod; 

tne nature OI tne ma- ^he same laul open, showing their sacculated interior. 

terial usually found in 

them, namely, a pultaceous creamy fluid, evidently a product of diges- 
tion, abundantly confirm this view of their nature. The matter seems, 
however, to be put beyond a doubt by the arrangement of the vascular 
system connected with these organs, as the veins that ramify so ex- 
tensively through their walls are here, as in other Echinodennata, the 
only agents by which the absorption of chyle can be effected : this will 
be evident when we examine the organs subservient to the circulation 
of the nutritious fluids. 

(463.) Those physiologists who have adopted a different view of tho 
nature of the cacal appendages to the stomach, consider thorn to bo 
adapted to tho secretion of some fluid, and probably representing a 
bihary apparatus. Their enormous extent, however, would alone lead 


us to dissent from such a conclusion, more especially as another organ 
has been pointed out to which the functions of a liver have been assigned. 
This is situated upon the base of tho stomach (fig. 89, h), and is a 
yellow or greenish-yellow racemose sacciilus, which opens into tho 
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bottom of the digestive sac by a free aperture ; the contents of this 
organ, moreover, resemble bile both in taste and colour^. 

(404.) In the slcndcr-raycd genera, such as Oj^hiumy the cajcal 
appendages arc not met with ; but their deficiency appears to be sup- 
plied by the plicated walls of the stomach itself, the numerous folds of 
which resemble lateral leaflets attached to the central cavity. We are 
unacquaint(^d with the precise organization of the alimentary canal in 
Comatvla ; but, from the orifices visible in the shell, it would appear 
that in this genus, as well as in some Crinoid species, the digestive tube 
was furnished 'w ith an anal aperture. 

(405.) The St.ar-fishes, grossly considered, might bo regarded as mere 
walking stomachs ; and the ofiice assigned to them in the economy of 
nature, that of devouring all sorts of garbage and offal that would 
otherwise accumulate upon our shores. But, as we have already seen, 
th(;ir diet is by no means exclusively limited to such materials, since 
crustaceans, shell-fish of various kinds, and even small fishes, easily 
fall victims to their voracity. Dellc Chiajc found a human molar tooth 
in the stomach of an individual which he exarniiK'd. xS^ather is the 
size of the pr<^y whejxion they feed so diminutive as we might supposes 
from a mere inspection of the orifice r(‘presenting the mou th ; 
only is this extremely dilatable, hut, as we have found to ho Me (jase in 
the Actinia), the stomach is occasionally partially inverted, in order 
more comj)letely to embrace substances about to be devoured. Shell- 
fishes arc fre(|ucntly swallowed whole ; and a living specimen of Cliamct 
aniiquaUiy Tiinn., has been taken entire from the digestive cavity of 
an Asterias. It appears, moreover, that it is not necessary for testa- 
ceous mollusca to be absolutely swallowed, shells and all, to enable the 
Astcrida) to obtain possession of the enclosed animal, as they would 
seem to have the power of attacking large oysters, to which they arc 
generally believed to be peculiarly destmetive, and of eating them out 
of their shells. The ancients believed that, in order to accomplish this, 
the star-fish, on finding an oyster partially open, cunningly inserted 
one of its rays between the valves, and thus gradually insinuating 
itself, destroyed its victim f. Modem observations do not, as far as we 
are aware, fully bear out the above opinion of our ancestors as to the 

* Ddlo Chiajc. 

f Tills may be gathered from Aldrovaiulus, who writes as follows : “ Alii ostre- 
arum hostes sunt Stellte marina) inolli cnista intecta), voro lam enide]itcr(ut .dilianus, 
lib. ix. cap. 22, ait) inimicro iit ha) ipsas exedant et conficiimt. Ratio insidiarum 
quas eis moliimtur ejusmodi est. Ciim testacea suas patefaeiant conchas, cum vol 
refrigeratione egent, vel ut aliquid pertinens ad victum incidat ; cro, imo de suis sive 
cruribus sivo radiis i^tra testas ostrea) hiantis insito eas claudi prohibento, came 
implcntur ” (Testae, lib. iii. p. 487). Thus likewise Oppiaii : — 

“ Sic struit insidias, sic subdola fraudes 
Stella marina parat, sod nullo adjuta lapillo 
Nititur, et pedibus scabris disjungit hiantes.” 



178 


ECIIINODERMATA. 


mode in which star-fishes attack oysters, altliougli the destrnctioii tliat 
they cause is pretty goiiorally acknowledged. Tlie observations re- 
corded by M. Eudes Dcslongchamps upon this subject, however, arc 
exceedingly curious*. As the waves had receded from the shore, so as 
to leave only one or two inches of water upon the sand, he saw numbers 
of Astenas ruhens rolling in bunches, five or six being fastemed tog('ther 
into a sort of ball by the interlacement of their rays. He examined a 
great number of such balls, and constantly found in the centre a bivalve 
mollusk (Macfni Stiiltorum, Linn.) of an inch and a half in length. 
The valves were invariablj" opened to the extent of 2 or 3 lines ; and 
the star-fishes were always ranged Avith their mouths in contact with 
the edges of the valves. 

(466.) On detaching them from the shell Avhieh they thus ini}>n- 
soned, he found that they had introduced betwenm the valves large 
rounded vesicles Avith veiy thin walls, and filled Asath a transparent 
fluid. Each Asterias had fi\'e of these vesicles ranged around its niontli : 
but they Averc of A'ciy unequal size ; generally there Averc tAvo larger 
than the rest, equal in size to large filberts, Avhile the other three Avere 
not bigger than small peas. These vesicles a]) 2 )earcd to bo attached to 
by short pedicles ; and at the opposite end of each Avas a 
round opdii apertui’o, through which the fluid contained in the A'esi(dc 
floAved out, drop by droj). Js^o sooner was the animal detached from the 
shell that it Avas thus sucking, than the ATsicles collapsed and bc'cainc 
no longer distinguishable. The Mavtrm were all found to be more or 
less devoured, some having only their adductor muscles left ; but, hoAV- 
cver Httlc they had been injured, all had lost the poAver of closing their 
valATS, and Avere apparently dead : nevertheless there Avas nothing to 
lead to the supposition that only dead shell-fishes Avcrc attacked; so that 
it is difficult to imagine hoAV the delicate A^csiclcs aboAX descrilasl 
escaped injury from the closing of the valves. M. Deslongclnimps 
thinks that probably the Asterias points into th(5 shell a torpiiying 
secretion, and thus ensures the death of its victim. 

(467.) The absorj[)tion of the nutritious ixu’tions of the food in tlu^ 
Echinodermata is entirely accomplished by the veins distributed iq)on 
the coats of the digestive ca\4tie.s, so that the chyle resulting from 
digestion is at once introduced into the vessels appropriated to cir- 
culation. 

(468.) In Asterias, the intestinal veins form a fine vascular network, 
covering the stomach and the ten digestive cseca. The venous tranks 
derived from all these sources unite to form a circular vessel (fig. 90, e), 
which likeAvise receives branches derived from the ovaria and other 
sources. 

(469.) The circular vein thus formed, which seems to bo the common 
trunk of the venous system, communicates Avith another vascular circle 
* Bulletin dos Sciences de M. le Baron Ferussac, vol. x. p. 296. 
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placed .ground tlic mouth (.s*), by means of a dilated vertical tube of 
eommuuiciition (/), which, from its muscular appearance and j>Teat 
irritability, Tiedcmaiin regards as being efpuvah‘nt in function to a 
h(!art. The cir(de around the mouth (,s-) would seem to bo artei ial in 
its character, and branches are derived from it which supply the various 
vis('.cra of the body. 

(470.) hut, besides the vessels above described, apparently so dis- 
])osed as to colUnd and distribute the nutrient fluids, thca’o is another set 
of canals appropriated to the supply of the numerous vesicles connect'd 
with the hu'omotive suckei's (§ 450) ; these Tiedcmiaim regards as being 
totally unconiu'cted with the vascular system properly so called, and 
consid(U'S the fluid contained in them as (juite of a different nature. 
Delle Chiaje, on the contrary, assmls that the two sods of vessels aie 
derived from each other, and describes a pc^euliar ap])aratus eoiinectc'd 
with them as performing an important part in eflecting the jjrotrusion 
of tluj suckers. 

(471.) The circular 
vessel around the 
mouth, whi(‘h Ibrms the 
central receptachj of the 
vascular system, resem- 
bles a sinus analogous 
to those of the dui’a 
mater in man, and is 
lodged in a groove be- 
tw(*on the oral circle of 
vertebj’m and the pieces 
of the skeleton a?‘ticu- 
hited thci’ewith. Con- 
nected with the sinus 
above mentioned, and 
placed regularly in the 
inters])aces between the 
rays, are several ()^'al 
vesicles (tig. UO, /c /•), 
filled with a reddish- 
coloured transparent 
fluid. These vesieles, 
which in Asterias au- 

rotleetoa; o,c,a, uoor ot ino rays, cxiiiuiuug !-•*« umuiunviai 
rantiaca are seventeen vesicles ; <■, dorsal circular vessel ; /, heart ; circular vessel 
in number, commnni- «ur™»nding th. mouth >uii»PoiianB. 

cate by distinct ducts with the central sinus, and are regardcdAy Delle 
Chiaje as reservoirs wherein the nutritive fluids accumulate until 
expelled by the contraction of tho vesicles. Besides the arteries above 
described as arising from tho vascular circle around the mouth, accord- 

n2 
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ing to tho author last mentioned, vessels arc given off that communi- 
cate with the ampulloD connected with the amliiilaeral suckers, appa- 
rently for the purpose of supplying to them the Iluid whic'h they t on- 
tain. Those vessels arc seen to run along the floor of each ray, and to 
give off lateral branches (jommunicating mth oveiy vesicle, as re])rc- 
sented in the enlarged sketch (fig. 88, 2,^). l^y this arrangement it 
would seem that the contractile organs (fig. S8, 2, c) appended to the 
vascular sinus (/) are in reality antagonistic to tlie tubular striictui’o of 
the feet, and serve as receptacles for fluid, which, by their contraction, 
tliey can force into the whole system of locomotive suckers whcncvi'r the 
feet arc brought into action. 

(472.) The above view of the arrangement of the vascular system of 
Astrnas is, however, by no means universally admitted to be coi*n'ct. 
Professor Shari)oy agrees with Tiedemann in the opinion that the v('ss(ds 
of the feet form a system perfectly distinct from that of tlie blood-vessels, 
and even supposes that the fluid by which the ambulacral tubes become 
distended is neither more nor less than pure sca-'water. 

(473.) In the Echinodermata theredbro there are, — 1 st. Tlic cavity of 
tlie body (/. c., the spacious interval whicli se])arates the digestive from 
"!?r?*H'^UJpu'ntary system), filled wdth a fluid designated cAy/ory aeons. 
2nd. The protrusilc suctorial feet, occupied by another class of fluid 
(this system constitutes the W'ater- vascular system of Tiedemann and 
Muller). 3rd. Tlie blood-vascular system of Tiedemann, Delle Cbiajo, 
Valentin, Agassiz, Dr. Shai’pcy, and JkliiUer. These three systems aro 
generally regarded as distinct and independent. 

(474.) The mass of fluid occup 5 dng the visceral cavity of the E(;hino- 
derms (bounded on one side by the digestive syshmi, on the other by the 
integuments) has been generally described as consisting purely of sca- 
Avater admitted directly from Avithout, through th(‘, skin, for the exclusive 
purpose of aerating the blood proper, said to circulate in a cajiillary 
S)"stcm of vessels Avrought in the solid ]iarict('s circumscribing the 
cavity. In the Asterida^, Echinidic, Ophiuiidac, and Ophiocomidm, it 
cannot be denied that the caAuty itself is the anatomical homologue of a 
real perigastric caAuty; while in the Holothuridan and Sijninculidan 
genera it presents itself as a chamber filled Avith a chylaipieous com- 
pound, under the form of a thickly-corpusculatcd milky fluid organized 
in a high degree ; and in Slpunculus it would seem that the cephalic 
appendages, as well as the whole tegumentary system, are organized with 
especial reference to the aeration of this fluid. 

(475.) The skin is fenestrated • that is, at regular intervals the mus- 
cular layer disappears, and an interval results, of elliptical figure, covered 
by only ^ single layer of epidermis. It is a simple musculo-membranous 
partition intervening between the chylaqueous fluid within and the 
surrounding clement without ; and through this veil the two divided 
fluids interchange their gases. The tentacles arc merely hollow musculo- 
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membraiious appt^ndagcs, lined ivithhi and without by a ciliated epitlic- 
lium. A few proper blood-vessels reach their bases from the circular 
vessel ; but no tj aco whatever of a vascular plexus in the stnicture of 
these parts can he detected. The inference is that the tentacles arc 
designed for the oxygenization of the chyla(iucous fluid. To the genus 
llulothurla the same observations arc strictly applicable ; but although 
attenuated at regular points, with a view to approximate as closely as 
possible tlie chyLiqueous fluid to the external medium, no open perfora- 
tion anywhere c'xists in the tentacular or tegumentary processes. The 
surrounding fluid thciadbre cannot penetrate directly from without into 
the peritomail cavity ; it is introduced through the mouth and digestive 
system. 

(476.) Jlefore quitting this part of our subject, we must briefly men- 
tion a singular organ, apparently intimately connected with the circular 
vessel around the mouth, and called by Ticdemann the saml-caaal. 
This organ is rc'prcscnted in flg. 90, enclosed in the same sheath jis the 
dilated vessel, /, upon the right side of which it is i)laced ; it communi- 
cates by one extremity with an isolated calcareous mass, of a roimded 
figure, called the madreporic plate, seen upon the exterior of the dorsal 
surface of the >Star-fish, while by its opposite (extremity it ' 

tlio circular sinus that surrounds the mouth. The tube itself Ir^harpey 
dcscrfbes^‘ as Ixnng about the thickness of a surgeon’s probe, and com- 
posed of rings of calcareous substance connected by a membrane ; so 
that, viewed (.‘xternally, it is not unlike the windpipe of a small animal. 
On cutting it across, it is found to contain two convoluted laminae, of 
the same nature as its calcareous parictos, which are rolled upon them- 
selves in a longitudinal direction, in the same manner as the inferior 
turbinated bones of an ox. The convoluted arrangement becomes more 
complete towards the upper end of the tube, where the internal laminae, 
as well as the external articulated portion, join the dorsal disk, appear- 
ing gradually to ])eeome continuous with its substance. The use of this 
curious organ is quite unknown, although a variety of conjectures have 
been hazarded upon the subject. Tlic most probable api)ears to be that 
of Dr. JSharpey, who suggests that, should the fluid which distends tho 
feet, and the vessels connected with them, be indeed sea- water, it may be 
introduced, and perhaps again discharged, through tho pores of the disk, 
by means of the calcareous tube, which will thus serve as a sort of filter 
to exclude impurities. 

(477.) Apparently with a view to ensure a continual circulation of 
aerated fluids through all parts of tho system, tho entire surface of the 
membrane that lines the shell, as well as that which forms tho external 
tunic of the digestive organs, has been found to be covered with multi- 
tudes of minute cilia, destined by their ceaseless action to produce 
currents passing over the vascular membranes, and thus to keep up a 
* Cyclojiacdia of Anatomy and Physiology, nrt. “ Lchinodeumata.” 
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perpetual supply of oxygenated water to every part*. But it is not 
only on the peritoneal surfaces that the existence of cilia has been 
detected ; they are found to be extensively distributed over the external 
surface of the body, within the cavities of the tubular feet, and even 
over the whole internal lining of the stomach and ca)ca. 

(478.) In Asterias mhens” says Dr. Williams, “ it can be distinctly 
demonstrated that no open perforations exist in any part of the integu- 
mentary parietes. The membranous processes communicating with the 
visceral cavity can be proved, by injection, to be caccal at their distal 
extremities. It is easy to repeat and confirm the observation of Dr. 
Sharpey, that the corpuscles of the visceral fluid advance to the distal 
end of these processes, and then return, under the impulse of ciliary 
agency. Nevertheless, although an injection so thick as size will not 
escape through these membranous processes, a thinner fluid, such as 
coloured water, will slowly ooze through ; it is not, thcrefonj, impro- 
bable that an interchange of the fluids may to some extent occui’ through 
endosmosc. The microscope renders it certain that the hollow mem- 
branous processes filled by the fluid of the visceral cavity, in AsterUis, 
bear in their 2 )arietes no trace of true blood-vessels : they are lined 
<wi41-wii^and witliout b}’’ vibratilc epithelium, and composed only of in- 
teiiaeing^iastic fibres ; and consequently their only ofiico seems to be 
that of exposing the chylaqiieous fluid to the I’cnovating influence of 
the surrounding medium. In Asierms, this fluid api)roachcs simple sea- 
water closely in its physical properties. It is, ho^vover, in reality a 
dilute, albuminous, opalescent solution. It is charged scantily with im- 
perfecitly formed cori)UScles, always the same in the same species ; and 
the proposition may now be confidently atfirmed, that in the Echinoder- 
mata the chyla(]ueous fluid (?. e. the contents of the visceral cavity) is 
itself first aerated, and that by means of a machinery of soft i)arts it 
then aerates the blood proper.” 

(479.) The organs belonging to the reproductive system in the Aste- 
ridai exhibit the greatest possible simplicity of structm*e. The ovaria 
(fig. 88, 1, /) are slender cocca, arranged in bunches around the ceso- 
l)hagus, two distinct groups being lodged at the origin of each ray. In 
Aaterias aurantutca (fig. 90), the excretory ducts are not easily seen ; 
but in the Twelve-rayed 8tar-fish, especially if examined when these 
organs are in a gravid state, each ovary may be observed to comraiini- 
cate externally by a wide aperture that pciforatcs the osseous circle 
encompassing the mouth. 

(480.) The generative organs of the male individuals exactly resemble 
those of the female, and are only distinguishable by the i)resencc of 
spermatozoa in their interior. The process of reproduction f usually 

* See the artiede “ Cilia,” by Dr. Sharpoy, in tlie ‘ Cyclopcedia of Anatomy and 
Pliysiology.’ 

t M<!‘moirc sur le Devc! oppemeid des Asl fries, par M. Sars, Aim. des Se.Nat. 1844. 
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occurs during the spring months, at which period the ovaria of the 
females are found distended with eggs, wherein the vesicles of Purkinje 
and of Wagner are distinctly recognizable. These ova are found in the 
ovaria in different stages of development, and are laid in successive 
batches at different intervals. 

(481.) The newly-laid ova consist of a chorion enclosing the vitellus 
and a small quantity of albumen ; but the vitellus soon undergoes the 
usual process of segmentation, whereby it is broken up into a granular 
mass (fig. 91, 4, 5, 6, 7, 8). When first deposited, the ova of the Star- 
fishes are not at once abandoned by the parent animals, but are retained 


Fig. 91. 



Drvolopnumt of Star-fish. 1. Echina^fer mnguinolenivs Been from below. 2. The same in pro- 
file : a, mailrcporie jilate. 3. Ovarian receptiR’lc containing ova in dific*rent states of advancement. 
4, fi, 7, S. Ova exhibiting the progr<>s.sive segmentation of the yelk. 9. Kmbr^'O on its first 
escape from tin* egg. 10, 11, 12. Further progress of embryo: a a, elub-shaped processes; b, cen- 
tral protuberance. 13, 14, 15, 10, show the gradual development of the ambulatory suckers and 
the aasmnption of the radiate form. 

in a kind of cavity formed by incurving the body and rays of the mother 
until they form a sort of chamber, beneath which the eggs arc protected 
during the earlier part of their development (fig. 91, 2). The vitellus 
of the ovum is entirely employed in the construction of the fcctus, which 
latter, at the moment of its escape from the egg, is of an ovoid or sub- 
spherical shape (fig. 91, 3), completely unprovided with external mem- 
bers, but enabled to swim vivaciously about in the surrounding water 
by means of the cilia with which its body is profusely covered, giving 
it exactly the appearance of an infusorial animalcule ; indeed, this may 
be called the first, or infusorial condition of the young Asterias. 

(482.) After the lapse of a few days certain appendages begin to 
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make their appearance, sproutin", as it were, from the anterior part 
of the body, and ultimately appearing as four club-shaped processes 
(tig. 1)1, 10, 11 , 12 , 13 , a a) surrounding a fifth prominent protuberance, 
hf whereby the little creature fixes itsedf to the siilcs of tlie incubatory 
cavity. The body of the little Star-fish now becomes gradually flat- 
tened into a minute circular disk, upon one surface of which — hence at 
once distinguishable as the ventral — the rudiments of tciitacula begin 
to bo apparent, under the form of minute globular protuberances, dis- 
posed in ten concentric rows (fig. 91, 14, 15, c c). 

(483.) If in this condition the little being is detached from the spot 
where it has fixed itself, it is still able to swim about in the surround- 
ing water by means of its ciliated surface, always keeping the organs 
of attachment directed forwards; but if left undisturbed, it remains 
perfectly still and motionless, presenting what M. Sars denominates the 
ennoid state of development. At this stage, the body of the young 
Star-fish may still be said to bo bilateral ; for in all its movements 
the organs of attachment are directed forwards, and both sides of the 
body correspond exactly to each other (fig. 91, 12). But by degrees this 
bilateral condition is converted into the radiated form that charac- 
^^ini % third, or perfect condition of the Astorias ; the body gradu- 
ally jisi^cs a pentagonal outline, from the angle's of which short Idunt 
rays begin to project (fig. 91, 16 ) ; and the tcntacula, now presenting 
the form of retractile cylinders, and completely furnished with their 
terminal suckers, become efficient instruments of locomotion. The red 
spots, regarded by Ehrcnbcrg as the eyes, are visible at the extremities 
of the nascent rays ; the mouth shows itself in the centre of the ven- 
tral aspect of the body ; and numerous spines make their appearance. 
Lastly, the apparatus for attachment begins to diniinish in size, and 
soon completely disappears, so that the young Asterias, having attained 
its perfect fom, is ready to enter upon the duties of its station. 

(484.) According to the observations of Agassiz, the eggs of the Star- 
fish, after they are laid, are taken up by tlie parent animal and kept 
between its tubes below the mouth. The Star-fish bends itself around 
them, surrounds the eggs with its suckers, and moves about with them. 
When the eggs have been removed to some distance from the animal, 
it has been observed to go towards them, take them up again, and move 
off with them, — showing that these creatures, so low in structure and 
apparently deprived of all instinct, really watch over their young. As 
the growth of the embryo commences, the external crust of the germ 
becomes more transparent, consisting of somewhat looser and larger 
granules, and the internal mass assumes a darker colour, so that two 
layers become distinct, between which a third is developed. On one 
side of the germ a protuberance now becomes visible, and the promi- 
nent portion separates more and more from the spherical mass, assuming 
by degrees the form of a peduncle. At this period there is not any 
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organ formed — only cliaiig^os of substance have taken place ; but now 
little swellings appear in five points on the sides, and tlie spherical 
portion of the gi'im becomes llattcncd by lateral dilatation. 

(485.) The iniiiutc animal has grown to a more hemispherical shape ; 
and from this time there is an upper and a lower surface to its iim- 
bj'ella-liko disk, and a tubular part and a swollen portion to the 
pciduncle. As soon as the peripheric part of the disk bcgiiLs to 
spread, five small tubercles may bo observed forming underneath ; and 
into those tubercles the peculiar aspect of the middle one extends. 
Soon other prominent swellings appear, two to each of tho former ones, 
and subsequently two more. While this is going on, calcareous nets 
are formed by tho accumulation of crystals in the cells of the germ. 
At first there are simply isolated crystals, formed as nuclei in the cells ; 
then several close together will unite and form a little irregular mass ; 
and they will at last combine, so as to constitute a network of solid 
substance, arranged very regularly, and gradually becoming more and 
more numerous, marking out more and more distinctly the rays of the 
embryo Stsir-fish. The tubercles of tho lower surface, growing more 
prominent and elongated, aro finally transformed into tho suckers, or 
ambiilacrol tub(is. With tho addition of new calcareous nets, 
become more numerous, and form, finally, rows of tentacles. Other 
changes have also taken place. The cells witliin the peduncle have under- 
gone alteration : some have become moveable, and a kind of circulation 
is going on in them. Tho internal space along each ray has become 
move transparent ; the ambulacral tubes have become hollow ; and from 
that time there seems to bo a communication between tho external 
water and tho internal structure. What remains of the yelk is more 
distinctly circumscribed in the centre of the animal, extending as a 
star-shaped disk into tho rays. The radial portion becomes, finally, 
distinct from tho central one ; and we have at last an internal cavity, 
which is tho stomach, from which the ca^cal api)endagcs of the rays, 
with their liver-like organ, will be developed. 

(486.) Tho pcdimcle is reduced to a more vesicle; a hole is formed 
in tho centre of tho lower surface, constituting the mouth ; around this 
a circular thread becomes visible, answeiing to tho nervous system, 
from which other tlircads extend towards the extremity of the rays ; 
and by the time the young Star-fish has attained the size of about a 
line in diameter, it has thus assumed the form and structure of a per- 
fect animal. 

(487.) Among the most interesting contributions to our knowledge 
of this group are the researches of Professor liliiller^ relative to tho 
embryonic condition of the Oi>Uiurklce, from which it has been ascer- 
tained that, dming the progress from tho egg to the mature condition, 

* Uebor die L:u*\cii luid Motamoqdioso iler Oi>ljiiircn und Secigel. Berlin 
Trans. 1840. 
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ilic individuals belonging to that family undergo a scrica of changes 
that are truly surprising in their character. 

(488.) The young Ophiimi on leaving the egg presents itself under 
a most grotesque form, in which condition it has heen long known to 
naturalists, and described under the name of PJafeus, or Easel Amnia! - 
cule, from its resemblance to a painter’s easel. 

(489.) The PhUeus 2 ^cn'ci<Io.vus (fig. 92) is exceedingly miniito, being 
not more than |tlis of a line in length. When higlily magnified, its 


Eig. 92. 



1. Plutevs paradoxus. A A, lateral arms; B B, inferior ditto; C C, anterior ditto ; D D, posterior 
ditto; a, mouth; a', cesophagus ; 6, stomach ; e, granular bodies, the nature of which is uncertain ; 
d, eajciform appendages, which make their appearance around the ussophagus and stomach, and 
which are the first indications of the development of the Star-fish ; e, oiliat«‘d bands ; /, calcareous 
framework of the skeleton ; g, zoms of cilia surrounding the apex of the body ; j*, nervous system. 
2. Further development of the cseciform appendages, d ; they begin to exhibit the apjjcarance of 
the body or central disk of an Ophiura. (After MUller.) 

body is seen to be somewhat of a conical shape, terminating above in a 
point, but dividing inferiorly into eight long processes or appendages 
of various dimensions, to which it owes its peculiar figure (fig. 92, 1, 
A, 11 , c, d). Each of these processes is supported by an internal cal- 
careous framework derived from the interior of the body (fig. 92, 1 , /), 
which, branching out in different directions, forms a basis whereon the 
soft parts arc spread out. The whole animal is perfectly transparent, 
its substance resembling dull glass, the apex of the body and the ex- 
tremities of the arms or processes being slightly tinged with orange. 

(490.) These singularly -formed larvie — for such they arc — arc found 
abundantly during the months of August and September, crowding the 
surface of the sea in rich profusion, swimming freely about by the aid of 
rows of cilia (e), with which their arms and the apex of their bodies (//) 
arc plentifully furnished. They possess, moreover, a distinct nervous 
system, consisting of two little ganglia (jv) situated just beneath the oral 
aperture, from whence delicate nervous threads may be traced in dif- 
ferent directions. 
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(491.) The first appearance that presents itself*, indicating the com- 
mencement of mi4amorphosis, is the development of a niimher of 
cincal ajipcndagcs around the stomach and oesophagus of the Pluteiis 
(fig. 92, 1, f/), wliich soon increase so much in number that they form 
a series of rows surrounding the stomachal cavity. At first these rows 
of caeca do not extend beyond the body of the Pluteus, remaining, as it 
w'cre, concealed Ixuieath its disk ; hut soon acquiring greater develop- 
numt, they make; tlieir ai>pearance externally, and begin to assume 
some regularity of arrangement (fig. 92, 2), in which the rudimentary 
form of the star-fish begins to be perceptible, and the points whence 
the arms are to ^iroceed become apjiarcnt. 

(492.) In carrying out this part of the proceeding, it will be ob- 
seuwed til at the original arms or processes of the Platens (fig. 92, 1, a, a, 
e, d) have had no share. The Pluteus, in fad, stands just in the same 
ridation to the young Ophiura as the frame docs to a piece of embroi- 
dery ; neither has the structure of its arms anything in common with 
that of the rays of the future star-fish, wliicli lies, as it wtTe, protected 
liencath their shelter. As soon as the ca^cal apiiendages liave arrived 
at this state of develojnnent and assumed so much rogiihu'ity of 
arrangement, calcareous earth begins to be deposited in an aj^»j)‘;:^3nt 
form, which accumulates rapidly imtil a kind of trellis-work m formed, 
spreading over the entire surface of the young Echinoderm. As the 
caeciform appendages thus become arranged into a regular figure, the 
place wlicro the mouth of the Pluteus was becomes distorted and, as 
it were, forcibly pushed upwards, until it remains no longer visible, its 
place being occupied by the central mouth of the newly-formed star- 
fish (fig. 93, 2). 

(493.) In the condition which it has now attained, the young star- 
fish is still much smaller than the rest of the Pluteus; but from 
this point, as its growth continues, the body and processes of the latter 
assume more and more the appearance of being only appendages to 
the newly-developed animal, until by degrees tlicy entirely disappear, 
the only part of the Pluteus remaining as a part of the young Opliiura 
being the stomach. 

(494.) before, however, the arms of the Pluteus have entirely dis- 
appeared, the foot, or retractile suckers, have begun to show themselves, 
arranged in a circle around the circumference of the shield (fig. 93, 1, 2), 
so tliat it is able to creep freely about in the sea. 

(495.) ShoHly before the disappearance of the last remnants of the 
Pluteus, the arms or rays of the Ophiura arc already visible, projecting 
prominently from the margin of the shield (fig. 93, 1, 2), but consisting 
as yet only of the outer or terminal joint of the future ray; the moveable 
spines likewise begin to show themselves, and the characters of the 
future Echinodenn begin to be recognizable (fig. 93, 1). Ultimately 
]iew segments begin, to be added to the rays, making their appearance 
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between the primitive segment and the margin of the disk, the original 
segment retaining its size and figure unaltcn'd, while the succeeding 
ones differ in thcii’ sliape, assuming a polygonal form, which varies in 
different species. The places where all new segments are formed :iro 


1. Ophivra in a still more advanced stage of developnn'nt, showing the larva portion (Pluteus) 
in great part obliterated : first appearanwj of the mouth and tentach's. 2. The larva has entirely 
disappeared, and the feet and spines of the Ophiurus begin to develope themselvc'S. 2. Shows the 
mode of growth of one of the rays ; the terminal or primitive segment is easily recognizable, to 
which the following segments succeed in the order of their formation. (After Muller.) 

in the shield itself, at points situated upon the ventral aspect, between 
the inter-radial spaces ; and each successive segment produced, being 
at the base of the ray, is of course larger than all that preceded it 
(fig. 93, 3, 4). 

(496.) In order to complete the Idstory of the AsteruUv, wo have yet 
to mention the nervous apparatus wherewith they are furnished. This 
consists of a simple cii’cular cord that runs around the mouth of the 
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animal ; from this rinpr, three delicate filaments arc given off opposite to 
each ray, onci of which, according to Tiedomann, runs along the centre of 
the amhulacral groove upon the under surface of the body, and gives off 
minute twigs to the locomotive suckers placed on each side of its course ; 
the other two filaments pass into the \dsccral cavity, and are probably 
distributed to the internal organs. There are no ganglia developed on 
any part of this nervous apparatus; or if, as some Avritors assert, 
ganglionic cnlarg(*mcnts arc visible at the points Avhence the radiating 
nerves arc given off, they are so extremely minute as not in any degree 
to merit the appellation of nervous centres. 

(497.) Such an arrangement can only bo looked upon as serving to 
associate the movements performed by the various parts of the animal ; 
for no portion of these simple nervoas threads can be regarded an being 
peculiarly the seiit of sensation or perception. Nor is this inference 
mc'rely dcducible from an inspection of the anatomical character of the 
nerves ; it is based upon actual experiment. Wo have frequently, when 
examining these animals in a living state (that is when, with their 
feet fully developed, they Averc craAAding upon the sides of the vessels 
in Avhich they Avcrc confined), cut ofi* Avith scissors successive portions 
of the dorsal covering of the body, so as to expose the Ausccr^Cijjy-ty ; 
but, so far from the rest of the animal ai^peaiing to bo conscimis of the 
mutilation, not the slightest evidence of suffering avjus visible: the 
suckers placed immediately beneath' the injured part were inA^ariably 
retracted ; but all the rest, even in the same ray, still continued their 
action, as though perfectly devoid of participation in any suffering 
caused by the injury inflicted. Such apathy would indeed seem to be 
a necessary consequence resulting from the deficiency of any central 
seat of perception whereunto sensations could be communicated. Never- 
theless Ehrenbcrg insists upon the existence of eyes in some species of 
Star-fish, attributing the function of visual organs to certain minute 
red spots, visible at the extremity of each ray, behind each of wliich ho 
describes the end of the long nerve that runs along the amhulacral 
groove as expanding into a minute bulb. Wo must confess that the 
proofs adduced in support of such a vicAV of the nature of the spots 
appear to us to be anything but satisfactory. The general sense of 
touch in the Astoridm is extremely delicate, serving not only to enable 
them to seize and secure prey, but oven to recognize its presence at some 
little distance, and thus direct these animals to their food. Any peraon 
who has been in the habit of fishing with a lino in the shallow bays 
frequented by star-fishes, and observed hoAV frequently a bait is taken 
and devoured by them, Avill bo disposed to admit this ; yet, to what are 
we to attribute this poA\Tr of perceiving external objects ? It would 
seem most probably due to some modification of the general sensibility 
of the body, alloAving of the perception of impressions, in some degree 
allied to the sense of smell in higher animals, and related in character 
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to the kind of sensation wlierohy wc liavc already se(‘ii the Actinia' and 
other polyps are able to appreciate the presence of light, although ab- 
solutely deprived of visual organs. 

(498.) The Echini, however they may a])pear to differ in outward 
form from the Asterkhe^ will be found to present so many points of j‘(^- 
semblance in tlieir general structure, that the detailed account we bave 
given above of the organization of the last-mentioned family will tlimw 
considerable light upon the still more elaborately constructed aiiiiuals 
that now present themselves to our notice. 

(499.) The EchinuhVy as we have already observed, differ from tb^^ 
star-sha])cd Echinodermata in the nature of the integument that enclost s 
their visceral cavity, as 

well as in the more or Eig. 94. 


less circular or spheri- 
cal form of their bodies; 
so that the locomotive 
apparatus with which 
they arc furnished is 
necessarily modified in 
its ij^araetor and ar- 


rangement. 

(500.) The shell of an 
Echinus (fig. 94, l) is 
composed of innume- 
rable pieces accurately 
joined together, so as to 
form a globular box 



enclosing the internal 


parts of the animal, but 
perforated at each ex- 
tremity of its axis by 



two largo openings, one 

« , . , i. l. Shell of (lemKlcd of its spinca. 2. A apine arti- 

01 wnicil represents tlie culat<*<l with itscom-sitonding tuberelc: aeetion of tuher- 
mouth, and the other t-le; capsular lif^ament; r, base of spine. 


the anus. 


(501.) The calcareous plates entering into the composition of this 
extraordinary shell may bo divided into twu distinct sets, differing 
materially in shape, as well as in the uses to which they arc subservient. 
The larger pit^ccs are recognizable in the figure by hemispherical tubci- 
cles of considerable size attached to their external surface, adapted, as 
we shall afterwards see, to articulate with the moveable locomotive 
spines. Each of these larger plates’ has somewhat of a pentagonal 
form, — those that are situated in the neighbourhood of the mouth and 
anal aperture being considerably the smallest, and every succeeding 
idatc becoming progressively larger as they approximate the central 
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l)ortion of tlio bIicII : tho entire scricH of pieces in each row resembles in 
figure the shape of Hie space iiicliided between two of the lines mark- 
ing tlio d(^gl•(^es of longitude on a terrestrial globe — broad at Hie e(iuator, 
but gradually narrowing as it approaches Huj poles, — an arrangement, 
of course, rendere<l necessary by the sjiherical fonu of tlie creature. 
There arc ten ro^vs of these tuberculatc'd plates ; but as they arc dis- 
posed in jiairs, each row of large pieces being united by a zigzag sutun^ 
with another of a similar description, there ai’c in reality only five larg(; 
segments of the shell, each supporting a double row of tubercles. 

(502.) The reader must not, however, conclude that the great ccntrnl 
tubercles above mentioned are the only parts of tho sludl to which spiiu's 
arc affixed ; hundreds of smaller elevations are disseminated over tlie 
surface, whercunto smaller spicula ai’e appended — although, from their 
diminutive size, these are of secondary importance in locomotion. 

(503.) Tho five large double segments that thus form the greater 
portion of the calcareous shell are separated from each other by the 
interposition of ten rows of perforated plates, likewise disposed in pairs, 
and composed of much smaller pieces than those which support tho 
tubercles ; hundreds of foramina, piercing these ambulacral bands, give 
passage to as many tubular feet or protrusiblo suckers, in cverM^^poct 
resembling those of Asteriasj and distended by a similar apparatus. 

(504.) It is impossible, by any verbal description at all commensurate 
with the limits of our present undertaking, adequately to explain the 
more minute contrivances visible in the disposition of cveiy portion of 
these wonderfully- constructed coverings : it is sufficient for our present 
purpose to observe that tho globular crust of an Echinus is made up of 
several hundred polygonal pieces, of different sizes, and, although pre- 
senting every variety of outline, generally approximating more or less 
to a pentagonal form; that these pieces are so accurately and completely 
fitted to each other, that the lines uniting them are scarcely to bo 
distinguished, even upon the most minute examination ; and that from 
the union of so many distinct and dissimilar plates results a firm, com- 
pact, and beautiful box, similar to that represented in the figure. The 
first question that naturally suggests itself, on examining a shell of 
tliis description, is concerning tho object to be attained by such re- 
markable complexity; it would appear, indeed, at first sight, that a 
simple calcareous crust, had it been allowed to exude from the en- 
tire surface of the Echinus, would gradually have moulded itself upon 
the body of tho creature, and thus have formed a globular shell without 
suture, answering every purpose connected either with support or de- 
fence. 

(505.) A very little investigation, however, will suffice to show the 
necessity for tho elaborate arrangement to which we have alluded. In 
tho first place, as wo shall immediately see, the earthy matter is not 
deposited upon tho surface of tho body, but within tho soft external 
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integument 'whereby it is secreted, — ^tlie interior of the shell being filh d 
'with sea-'water, in which the viscera arc loosely suspended. But a 
second and more important reason for the employment of so many piet es 
in the construction of the shell of an Echinus is to be derived from 
examining the mode in which the animal grows. Wore it to retain the 
same dimensions throughout the whole period of its life, or could it, at 
stated intervals, cast off its old investment and secrete a new and more 
capacious covering as growth rendered the change necessary, a simple 
earthy crust would have been sufficient, without the presence of such an 
immense number of sutures and joinings. The calcareous plates of the 
Echinus, it must be remembered, are merely secreted from the soft 
parts, having no vital action going on within them whereby, as in the 
bones forming the skeletons of vertebrate animals, a continual depo- 
sition of fresh pai*ticles could be effected, allowing of extension by inter- 
stitial deposit. How, therefore, could the growth of the Echinus be 
provided for ? How is the gradual expansion of the entire shell, thus 
composed of a dense and extravascular crust, to bo effected — and that 
without ever deranging the proportions of the whole fabric, or necessi- 
tating a loosening of its parts ? Ho other contrivance could apparently 
hav(Vjjton adequate to the purpose : nevertheless we see how admi- 
rablyT^ the structure adopted, the growth of these creatures proceeds 
in all directions ; for the living and vascular membrane that covers the 
whole external surface of the body dips do'vvn between the edges of the 
various calcareous pieces, and continually deposits, aroimd the margin 
of each, successive layers of earthy particles, which, assuming a semi- 
crystalline arrangement, progressively increase the dimensions of each 
indi'vidual plate. But the continual augmentation in size which is thus 
going on is attended with no change in the mathematical figure of any 
given piece of the skeleton ; so that, as they still increase in diameter 
by the unceasing deposition of earthy matter around the (•.ircumfercnco 
of every plate, the spherical shell gradually expands, w'ithout in any 
degree altering its form or relative proportions, until it has ac(]uircd the 
mature dimensions belonging to its species. 

(506.) The tubular suckers or retractile feet, that arc protnidcd at 
the pleasure of the animal from the countless minute apertures scon in 
the ten rows of ambulacral jdates, arc so similar in all essential i)oints 
to those of Asterias already described, that little further need he said 
concerning their structure, or the mechanism whereby their motions 
arc effected. The tubular part of each foot communicates with the in- 
terior of the shell by two branches passing through two apertures ; and 
these branches, in some species (as Echinus saxatiUs), receive offsets 
from the vessels that run along the centre of each ambulacral groove, 
and convey to the feet the fluid by which their distention is effected. 
In Echinus escuJentus the feet open into a plexus of vessels, formed in 
leaf-like membranes, equal in number with the feet, and disposed in 
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double rows upon the inner surface of the ambulacral pieces*, by the 
intervention of which they are connected with the canals above men- 
tioned. 

(507.) The tubercles upon the external surface of the shell of the 
Evhhil support a corresponding number of long spines, which, as well as 
the apparatus of suckers, are employed as locomotive agents. These 
spines vary materially in their form and proportionate size, and even in 
their internal structure 
and mode of growth, as 
may be readily seen by 
a comparison of different 
species. Thus, in the 
flattened forms of S(m- 
tellw and allied genera, 
they are so minute as to 
require the employment 
of a microscope for their 
investigation j in Echi- 
nm escuhntus (fig. 85) 
they are shaiq), and al- 
most of equal length 
over the entire sui'face 
of the animal ; while in 
the specimen repre- 
sented in the annexed 
figure (fig. 95), the shell of which we have already examined when 
divested of these appendages, the length of the spines that are articu- 
lated upon the large tubercular plates fully equals the transverse dia- 
meter of the body of the creature, and in some cases they are even 
found much more largely developed. Every spine, examined separately, 
is seen to be united with the tubercle upon which it is placed by an 
apparatus of muscular and ligamentous bands, forming a kind of ball- 
and-socket joint, allowing of a considerable extent of motion. The 
structure of this articulation is exhibited in fig. 94, 2. The largo 
tubercle (a) supports upon its apex a smaller rounded and polished 
eminence, perforated in the centre by a deep depression ; and the bottom 
of the moveable spine (c) is terminated by a smooth hemispherical cavity 
accurately fitted to the projecting tubercle, so that the two form com- 
plete articular surfaces. The bonds of union connecting the spine with 
the shell are of two kinds ; in the first place, there is a stout ligament 
(a, c), extending from the little pit seen upon the centre of the tubercle, 
to a corresponding depression visible upon the articular surface of the 
spine, resembling very accurately the round ligament found in the hip- 
joint, and obviously a provision for the prevention of dislocation. 

* Cyclopjcdia of Anat. and PhjB.. art. “ EcniNODERMArA.” 
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(508.) Moreover, the whole joint is cnclostMl in a muscular ca])sul(‘, 
composed of lonj^itudinal fibres {h h) arising? from the circuinfc'K'UCi' of 
each tubercle, and inserted all around the root of the sj)inc : tlu'se 
fibres, therefore, which must, in fact, be rcgard('d as merely d(‘ri\ ed 
from the general iriitablc skin that clothes the shell externally, arc tlic 
agents which, acting immediately on the spine, produce all the moA o- 
ments whereof it is capable. 

(509.) The next thing to be accounted for in the history of these 
elaborately-constructed animals is the growth of the spines themselves : 
these, as we have already seen, are completely detached from the rest of 
the shell, to which they are secured only by the central ligament and 
by the muscular capsule enclosing their base. To account, therefore, for 
the production of organs so completely insulated as the spines appear to 
be, especially when we consider that there is no vascular communication 
between them and the body of the Echinus, would appear to be a 
matter of some difficulty ; and in fact, had we not already seen, in the 
Polyps, the amazing facility with which calcareous matter was secreted 
by the living textures of those animals, it would be almost impossible 
to conceive by what process their growth was effected. On examining 
one oj[^theso appendages, taken from a species wherein they are largely 
dcvelopcu, when fre.sh, before its parts have become dry, every portion 
of its surface is seen to be invested with a thin coat of soft membrane, 
derived from that which covers and secretes the whole shell, whereof 
indeed the muscular capsule enclosing its articulation with the tubercle 
is only a thickened portion. 

(510.) The living covering of the spine, therefore, like the crust 
that invests the cortical Polj^)s, is the secreting organ provided for its 
growth, depositing the earthy particles separated from the waters of the 
ocean, layer after layer, upon its outer surface, so as to form a succes- 
sion of concentric laminae, of which the outer one is always the last 
formed. The calcareous matter thus deposited has, more or less com- 
pletely, a crystallized appearance ; and on a transverse section of the 
organ being made, and the surface polished by grinding, the whole 
process of its formation is at once rendered evident. Such sections, 
indeed, form extremely beautiful and interesting subjects for micro- 
scopical examination, as nothing can exceed the minute accuracy and 
mathematical precision with which each particle of every layer com- 
posing them appears to have been deposited in its proper place ; in fact, 
if the zootomist would fully appreciate the minuter details connected 
with their organization, it is only by the employment of the microscope 
that he wiU arrive at adequate ideas concerning them ; for it is not in 
the number and variety of the pieces entering into the composition of 
the skeleton of one of these animals, the extraordinary apparatus of 
prehensile suckers with which they are funiished, or the singular 
locomotive spines upon the exterior of the sheU, that ho will find the 
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most rcniurkablo fcmtiiros of the histoiy of the Echini ; it is only by a 
minute examination of the intimate structure of each of these parts that 
the pcrf(M‘,iion of the mcclianism conspicuous throughout can ho properly 
understood. 

(511.) The calcareous jneces surrounding the mouth of the Echmus 
arc not so immov(iably consolidated as those composing the rest of the 
shell, but, on the contrary, admit of considerable movement, whereby 
the prehension of food is materially facilitated. The mouth itself 
(fig. 94, 1) is a simple orifice, through which the points of five shaiT) 
teeth are seen to protrude. These teeth obviously perform the office of 
incisors, and from their sharpness and extreme density are well calcu- 
lated to break the hard substances usually employed as food. The 
points of such incisor teeth, although of enamel-like hardness, would 

Kg. 96. 



Oral apparatus of E('hiiius: atciina, pyramidal piows formiiip “lantern of Aristotle”; 
b b, internal projections from shell ; c c c c c, teeth enclosed in their sockota; d d, interposed osseous 
pieces ; e e, curved processes ; ff, g<f, h h, i i, k k, muscular fasciculi for the movements of the jaws. 

nevertheless be speedily worn away by the constant attrition to which 
they are necessarily subjected, were there not some provision made to 
ensure their perpetual renewal ; like the incisor teeth of rodent quadru- 
peds, they are therefore continually growing, and arc thus always pre- 
served sharp and fit for use. In order to allow of such an arrangement, 
tis well as to provide for the movements of the teeth, jaws are provided, 
that arc situated in the interior of the shell ; and these jaws, from their 
great complexity and unique structure, form, perhaps, the most ad- 
mirable masticating apparatus met with in the whole animal kingdom ; 
we must therefore entreat the patience of the student while we describe 
at some length the parts connected therewith. The entire apparatus 
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removed from the shell is represented in fig. 90, and consists of the 
following parts : — There arc five long teeth ((^ c), each of which is 
enclosed in a triangular osseous piece (« «), that for the sake of br<?\ itj^ 
we will call the jaws. The five jaws are united to each other hy various 
muscles (hky ii), so as to form a pentagonal 2 )yramid, having its iii)ex 
in contact with the oral orifice of the shell, whih'- its base is comicctod 
with several bony lovers bj' means of numeroiis muscles jjrovided for 
the movements of the whole. These parts we must now lu'occed to 
describe scriathn. The teeth (fig. 97, 1, «) resemble, at the part i)ro- 
truded from the mouth, long three-sided prisms, and at this point tliey 
are extremely hard and brittle : each tooth is fixed in a socket passing 
through the jaw (fig. 97, 2, from which it projects hy its opposite 
extremity (fig. 97, 2, (i')f that may he called the root of the tooth, 
where, instead of being of glassy hardness like the point (u) which 
issues from the mouth, it is flexible and soft, resembling fibres of 
asbestos, and is covered by a membrane apparently connected with its 
secretion. The jaws, which thus support and partially enclose these 
teeth, are five in number : when examined separately, each is found to 
resemble in figure a triangular pyramid, the external surface (fig. 97, 2,e) 
being^^p^oth, and presenting eminences provided for the attachment 
of muscles ; while the other two sides (fig. 97, 1, h h) are flat, and 
marked with transverse 
grooves, so as to have 
the appearance of a 
fine file. When the five 
jaws are fixed together 
in their natural po- 
sitions, they form a 
five-sided conical mass, 
aptly enough compared 
by Aristotle to a lan- 
tern, and frequently 
described by modern 
writers under the name 
of the “lantern of Ari- 
stotle.’’ When thus 
fitted to each other, 
the two flat and striated 
sides of each jaw are in 
apposition with the 
corresponding surfaces of two others, so that there are ten grinding 
surfaces formed, between which the food must pass preparatory to its 
introduction into the digestive canal. This arrangement will bo easily 
understood by referring to fig. 97, 1, in which three of these jaws, 
each containing its incisor tooth, arc represented in situ. 


Fig. 97. 



Dental system of Echinus. 1. Kepresents three of the 
pyramidal pieces fomiing the “ lantern of Aristotle " in nfii : 
a «, cutting extremities of the incisor teeth, which are of 
cnamel-like hardness; a' a' a\ fibrous roots of the same, 
resembling asbestos in their texture ; b b, opposed flat sur- 
faces of the jaws ; d d, arched processes. 2. An isolated 
pyramid: e, its external surface. Other letters as in flg. 1. 
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(512.) The five curious jaws described above arc fixed together by a 
set of muscles (fig. DO, 1c /r), consisting of short fibres passing between 
the cxterual edg('s of the contiguous segments of the lantern, and 
evidently capabh? of powerfully approximating the grinding surfaces 
and rubbing them upon each other. The jaws, moreover, arc provided 
A\ith five other osseous pieces (d tl)y arranged in a radiating maniiei- 
between the bases of the dilferent segments, with which they arc con- 
nected by ligaments, and likewise by the pentagonal muscle (/ i) that 
runs from one to the other. 

(513.) The al)ove-describcd parts complete the apparatus required for 
connecting the different portions of this remarkable mouth; but the 
movements of tlio whole are effected by a very complicated set of lovers 
and muscles, which must next be noticed. 

(514.) The levers attached to the jaws are five long and slender pro- 
cesses (fig. 97, 1, d d)^ each arising from the central extremity of one 
of the radiating osseous pieces (c c), and arching outwards considerably 
beyond the base of the lantern, to terminate by a forked extremity. 
But there are likewise other processes projecting from the inner surface 
of the shell ; these, two of which are seen in fig. 96, h h, are also five 
in number, and are placed around the orifice of the mouth ^^y are 
generally perforated in the centre, so as to resemble so imSy bony 
arches ; and from them, as well as from the spaces which separate them, 
numerous muscles derive their origin. Of these muscles, ten (//) arise 
from the spaces between the arches, two being inserted into the outer 
edge of the base of each jaw; so that the effect produced by their con- 
traction, when they all act in concert, will be to approximate the whole 
mass of the mouth to the oral aperture of the shell, and of course cause 
the points of the incisor teeth to protrude externally ; or, if they act 
separately, they can draw the base of the lantern in any direction, or 
cause the grinding surfaces of the jaws to work against each other. 

(515.) The antagonists to the muscles last mentioned are ten others 
Oj 9)y ^irising from the extremities of the arches themselves, and run- 
ning in a radiating manner towards the apex of the lantern, so that the 
point of each piece or jaw receives a muscle from two of those pro- 
cesses. These fasciculi, from the manner in which the arches project 
into the cavity of the shell, will draw inwards the entire mass ; or, 
if they act separately upon the jaws ■svliercunto they are indiridually 
fixed, they will produce movements precisely opposite to those caused 
by the contractions of the muscles derived from the spaces between the 
bony processes ; or, if both sets should act in concert, they become the 
antagonists of the muscles (i i, h Ic) that connect the jaws to each other, 
and by causing tho separation of the different pieces they necessarily 
enlarge not only tho opening of the mouth, but all the passage leading 
to the oesopliagus through the axis of the lantern. 

(516.) Yet even these are not aU tho muscles that act upon the 
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masticating apparatus : ton others {h Ji), arising in pairs from the 
middle of the interspaces between the arches, are connected with the 
bifurcated extremities of the slender curved ju'ocesscs (e e), each of 
these receiving a muscle from two contiguous spaces ; and, from the 
length of the levers upon which these muscles act, we may well con- 
ceive the force wherewith they will influence the motions of the ^^'hole 
mass of the jaws. 

(517.) Such is the complex structure of the mouth of EcJihma (scu- 
lentiis — a picccj of mechanism not less remarkable on account oi’ the 
singulaiity of its construction, than as exhibiting an example of the 
sudden development of a dental system, Avhereof not a vestige is visible 
in any of the preceding Echinoderm families. In others of the Echi- 
nidas having the shell much deinesscd, the dental lantern is inodilied in 
forai and proportionately flattened, but the different parts are essen- 
tially similar to those wo have described. 

(518.) The oesophagus (fig. 08, d) is continued from the tcrmimi- 


tion of the central canal that traverses 
the axis of the lantern, and, after a 
short course, terminates in a much 
wider ^portion of the digestive tube, 
into wnfffn it opens on the lateral 
part of its coccal origin, in a manner 
precisely resembling the communica- 
tion between the largo and small in- 
testines of man. 

(519.) The dilated alimentary tube 
(c) presents no separation into 
stomach and intestine, but is con- 
tinued in a winding course around 
the interior of the shell, which it twice 
encircles, and, becoming slightly con- 
stricted, terminates at the anal orifice 
(i). The walls of the intestine are 
extremely delicate, although they 
may bo distinctly seen to contain 
muscular fibres and are covered with 
innumerable vascular ramifications. 
The external tunic of the whole canal 
is derived from the peritoneum, that 
lines the entire shell, invests the 
dental lantern, and forms sundry 
mesenteric folds as it is reflected 
upon the other viscera. 



mina ; c c, intestinal canal ; d, commence- 
ment of oesophagus from the hase of the 
“ lantern of Aristotle”; e, heart; f, .9, vas- 
cular trunks following the course of the in- 
testine. 


(520.) The system of vessels provided for tlic circulation of the blood 
has been differently described by different authors — a circumstance by 


ALTMExVTARY CANAL. CIIYTAQUEOUS SYSTEM. 


199 


no means surprising when we consider the great difficulty of tracing 
such delicate and oxtcnsively-distributed canals. According to Dclle 
Cliiajc, the course of the nutritious fluid is as follows : — A large vein 
runs along the whole length of the intestine, from the anus to the 
(rsopliagus, where it terminates in a vascular ring surrounding the 
mouth, — into whicli, as in Asterias, the contractile vesicle, which he 
considers to be a receptacle for the nutrient fluid, and the antagonist to 
the tubular feet, likewise opens. The intestinal vein he regards as the 
great agent in absorbing nourishment from the intestine and conveying 
it to the vascular circle around the oosoiffiagus, from which the arteries 
arc given off to su])2)ly the whole body. These arteries are, 1st, a 
long vessel to the intestine, which runs along its whole length and 
aniistomoscs freely with the branches of the intestinal vein ; 2ndly, 
flve arteries to the parts connected with the mouth ; 3rdly, five dorsal 
arteries that run along the interior of the shell between the ambulacral 
rows as far as the anal orifice, at which point each dorsal artery leaves 
the osseous box through an aperture sj)ccially provided for its exit, and, 
arriving upon the outer surface of the shell, sui)plies the soft external 
membrane, and in some species may bo traced back again between the 
rows of ambulacral suckers as far as the mouth. These dorsal arteries, 
like the corresponding vessels in Asterias, supply the vasculaf^gins of 
the innumerable protractile feet. 

(521.) The chylacpieous system of the Echinida), comprehending a 
considerable mass of fluid filling the cavity of the spherical shell, has 
been generally regarded as sea-water poured into the visceral cavity 
through perforations in certain membranous processes of the shell, 
which have received the name of bramhice, and are distributed in groups 
around the circumference of the oral membranous disk. The latter, 
however, according to Dr. Williams, are not connected with the suctorial 
or water- vascular system, but are distended by injections thrown into 
the open chamber of the shoU, being protruded only by the force of the 
fluid driven into their interior ; they are consequently not perforated. 

(522.) In addition to the meridional rows of suctorial feet, the shell of 
Echimis is perforated by numerous hollow membranous processes lined 
within and without by vibratile cilia, and penetrated exclusively by the 
fluid of the visceral cavity ; they show no traces of blood-vessels, and 
can only subserve a rcspiratoiy purpose on the supposition that the 
subject of that process is the chylaqueous fluid. There is, therefore, no 
direct evidence to show that the external element enters through open- 
ings in the integuments into the peritoneal cavity of the Echinus. 

(523.) Nevertheless, besides this difliised respiration, Dolle Chiajo 
regards a series of ijinnated tentacula in the neighbourhood of the mouth 
as being in some degree capable of performing the office of branchiae. 
These organs, which are i^rotruded through a row of distinct orifices 
placed around the oral apertui’C of the shell, arc eminently vascular ; 
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and as tliey present a large surface to the action of the water and 
receive numerous vessels from the (arcular trunk that surrounds tlic 
mouth, they may, no doubt, very well contribute to the complete ex- 
posure of the blood to the influence of the surrounding medium. 

(524.) Little is known concerning the nervous system of the Echini : 
a few delicate filaments have been observed in the neighbourhood of the 
oesophagus, apparently of a nervous character, communicating with a 
nervous ring placed in that vicinity, resembling that already described 
in Afiferias. 

(525.) The Echini, like the Star-fishes, arc bisexual, and in the 
structure of their reproductive organs display, if possible, greater sim- 
plicity than even the Asteridie above described. The ovaria are five 
delicate membranous bags, quite distinct from each other, that open 
externally by as many delicate tubes, or oviducts, as we may term them. 
The apertures through which the eggs escape are easily seen upon the 
outer surface of the shell, placed around the anus, and arc recognizable 
not merely by their size, but from the circumstance of each perforation 
being placed in the middle of a distinct oval plate of the shell, distin- 
guished by zoological writers as the ovarian pieces. The membranous 
sacs i n wh ich the ova are secreted vary in size in proportion to the 
maturi^^f the eggs contained within them, and at certain fames of the 
. year arc enormously distended : it is in this state that the “ roe of the 
Sea-egg,’’ as the ovaria are commonly called, is used as an article of 
food ; and in some countries, e.specially upon the shores of the Medi- 
terranean, they are eagerly sought after, when in season, by divers 
employed to procure them, llie corresponding organs in the male sex 
are only distinguishable by the spermatozoa contained in their interior 
instead of ova. 

(526.) At the earliest period observed by Muller, the larval Echinus 
(fig. 99, 1) had the appearance of a transparent dome-like disk, 
hollowed out infcriorly, and having its margin prolonged into long, 
slender, diverging processes supported on calcareous pieces deposited in 
their substance, and giving the whole animal somc’what the appearance 
of a timepiece standing on many legs (a, ii, f, e), four of which (f, e) 
constitute a sort of framework surrounding the oral apparatus. 

(527.) The arrangement of the locomotive apparatus of these larvm 
is very peculiar, consistiiig of four epaulet-like wreaths of long cilia 
situated upon the dome-shaped body of the animal, and of numerous 
ciliated fringes spread over the arms and in the vicinity of the oral 
organs. 

(528.) The mouth is a triangular orifice (fig. 99, i, a) furnished with 
broad lips, and leads immediately into the stomach (d), which is a cid- 
de-sac, situated in the interior of the body. 

(529.) In this condition the larvae are not more than half a line in 
length, and move freely about in the water, rowed along by the action 
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of their cilia, while the marginal processes and other appendages to the 
body remain (piite pLussivo and motionless. The first appearance of 
metamorphosis is indicated by the development of a shield-like plate 
(fig. 99, 2, h), which, during the months of August and September, 


Fig. 99. 



Mftamorj>hosiB of Er-hinus. 1. A PMett* with thirttu'n arms.* A A, aiitiTior inferior lateral 
l>roeo8se8; 0 Ji, jioaterior inferior processes; CC, lateral processes of the vaulted disk; D, ter- 
minal j)roccRH from the ap(>x of the vaulted disk; K H, anterior, .ind F F, posterior prooesaes of the 
framework of the mouth ; « «, posterior processes of the btxly : u, mouth ; a\ basin-like under- 
lip; cpsopliagus; </, stomach ; e, calcareous framework of tin* skeh'ton. 3. The same in a more 
advanc(‘d stage of development— the spines of the young Echinus beginning to make their appear- 
ance, eov<‘red with a transparent skin ; a, remnant of the calcareous skideton of the larva or 
Vluff.uit, which has now nearly disappeared ; 6, branched calcareous spicula belonging to the larva 
skeleton; c, spines, and d, tentacles of the young Echinus. 3. Tht* echiniform condition almost 
completed, only a few calcareous sj)ioula of the larva remaining. (After Muller.) 

becomes visible beneath the skin covering the dome of the body, sloping 
as if inclined towards its apex, and not inaptly representing the finger- 
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plate of the timepiece to which, as to its shape, the creature has been 
already compared. The round shield-like plate thus formed is divided 
by a ciminofoil-shaped figure into five compartments, and constitutes 
the first rudiment of the future Echinus ; as its size increases, new 
divisions make their appearance upon its periphery, indicating the si Ill- 
ations of the future tentacles or feet ; and soon afterwards little round 
tubercles begin to developc themselves, which gradually rise up into 
cylindrical elevations and ultimately assume the appearance and texture 
of the locomotive spines. 

(530.) The shield itself, foi-ming the basis upon which the apparatus 
of suckers and spines is supported, is now seen to enclose in its sub- 
stance its own proper calcareous skeleton : this consists at first of minute 
detached triradiate spicula, which, as they increase in number, arrange 
themselves so as to constitute a sort of network in the texture of tlio 
skin, 'wherein ultimately the pol}^gonal calcareous plates of the shell 
make their apitearanco. 

(531.) IIoLOTHFiiimTi. — The name applied by natuinlists to the ani- 
mals composing tho next family of Echinodermata is derived from a 
Greek word of uncertain application (oXo&ot/pioi'). In common languiigc 
they umgcnerally known by the appellation of ‘‘ Sea- cucumbers ” ; and 
in fact, a cavsual observer, the resemblance which tliey bear to those 
productions of the vegetable kingdom, both in shape and general appear- 
ance, is sufficiently striking. The surface of these animals is kept moist 
by a mucus that continually exudes through innumerable pores and 
appears to bo secreted by minute foUicles imbedded in the substance of 
the skin. The integument which covers, or, rather, forms the body, is 
entirely destitute of those calcareous pieces that encase the Echini and 
Star-fishes ; it appears to consist of a dense fibrous cutis of consider- 
able thickness, covered externally with a thin epidermic layer. Ee- 
neath the cutis is another tunic, composed of strata of tendinous fibres 
crossing each other in the midst of a tissue of a scmicartilaginous 
nature, which is capable of very great distention and contraction, and 
serves by its elasticity to retain the shape of the body. Within this 
dense covering are seen muscular bands ninning in different directions, ' 
which by their contraction give rise to the various movements of tho 
creature : of these muscles five strong fasciculi assume a longitudinal 
course, passing along the entire length of the animal from the mouth 
to the cloaca; and in the interspaces between these, circular and oblique 
muscles are readily distinguishable. The whole of this muscular case 
is lined with a delicate membrane or peritoneum, from which processes 
pass inwards to support the various viscera. 

(532.) But although the calcareous shell of the Echinus is thus totally 
lost, tho locomotive suckers or feet already described arc still the prin- 
cipal agents employed in progression. In many species, as in that 
represented in the annexed figure (fig. 100), these organs arc distributed 
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over the wliolc siirhiec of the animal, and arc protruded through count- 
l(;ss minute orifices that perforate the integument. In other cases, as 
in }[, f random, th(‘y arc arranged in five scries, resembling the ambu- 
lacra of an Echiinis ; and in some instances they are only found upon 
the middle of th(‘ ventral surface of the body, that forms a flattened 
disk upon n hicdi the animal creeps, somewhat in the manner of a snail. 


• Fig. 100. 



Holothuria. 


The ambulacral feet themselves, represented on an enlarged scale at c, 
precisely resemble in all the details of their structure those of the 
Asterias, and their protrusion and retraction are effected in the same 
manner; but, in ad^tion to these organs, wo find in some genera move- 
able hoolts or spines (fig. 100, d), which are likewise retractile, and 
most probably assist in locomotion. 
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(533.) The mouth is a round aperture, as wide tis the bore of a goose- 
quill, placed in the centre of a raised ring at the anterior extremity ol 
the body (fig. 100, a). Around the oral orifice is placed a circle of teii- 
tacula, which are apparently extremely sensitive, and serve perhaps not 
only as instniments of touch, but as prehensile organs, used for llie 
capture of prey, or for assisting in deglutition. When the sphincter 
muscle that closes the mouth contracts, the tentacles arc withdra^\ n. 


and become no longer visible externally ; in this state, on opening the 
animal (fig. 101, h), they are found to resemble long crcca appended to 
the commencement of the oesophagus, and have been described by some 
authors as forming a salivary apparatus. 

(534.) The total deficiency of an external skeleton or calcareous 
framework precludes, of course, the possibility of the existence of any 
complex dental apparatus resembling the ^‘lantern of Aristotle ilie 
only vestige of the complex teeth of the Echinida) which here remains 
is a small circle of calcareous pieces, surrounding the opening of the 
mouth. These plates, from their extreme friability, have been a])tly 
enough likened to laminm of dried paste : they may indeed, in some slight 
degree, be efficient in bruising food taken into the mouth; but it is more 
])robab]^hat they mei*ely form points of insertion for the longitudinal 
muscles of the body, which, thus fixed around the circumference of the 
oral orifice, will by their contraction powerfully dilate that aperture for 
the purpose of taking in nourishment. 

(535.) The alimentary canal is of great length, but, like that of the 
Echinus, presents no stomachal dilatation ; from the mouth (fig. U)1 , r«), 
in which a bristle is placed, it descends to the anal extremity of tlui body, 
where, turning upon itself, it again mounts up towards its commencement, 
whence turning back again, and forming numerous convolutions (d dd), 
it once more passes backwards, and becoming constricted near its termi- 
nation, opens into a large membranous cavity (e) that may be called the 
cloaca. Throughout the whole of this long course, the alimentary tube 
is surrounded with a membrane derived from the peritoneal lining of 
the visceral cavity, which forms delicate mesenteric folds connecting it 
tf) the walls of the body and supporting it through its entire length. The 
whole intestine is generally found distended with sand, wherein may be 
detected the debris of corals, alga?, fuci, and other marine substances. 

(53(5.) In the structure of the respiratory apparatus, the Ilolothuridm 
differ materially from the rest of the Echinodermata, and, in fact, from 
all other animals. In the Holothuria, the aeration of the circulating 
fluid is provided for by allowing the surrounding clement freely to enter 
into the internal parts of the creature ; but instead of bathing the sur- 
faces of the viscera, the water is confined in a peculiar system of rami- 
fying canals, forming a structure of great beauty and, from its singu- 
larity, extremely interesting in a. physiological point of view. Wo have 
seen that the intestinal canal terminates in a membranous receptacle or 
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cloaca (fig. 101, e), contained within tlio cavity of the abdomen, to the 
walls whereof it is attached by delicate fleshy bands : this cloacal cavity 
communicates with the exterior of the body by a wide orifice twice as 
large as the aperture of the mouth, through which, in the figure, a 
bristle (/) has been passed ; and it is by this orifice that the water re- 
quired for the purpose of respiration is taken in, and then forced, by the 
muscular walls of the cloaca itself, through the whole system of respi- 
ratory canals whereby its distribution is effected. The organs of respi- 
ration commence at the upper part of the cloaca, near the termination of 


Fifr. 101. 



Anatomy of bristlo insortod into the month; A, invertfd ti'iitacula; r, ampulla 
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t», (-•eiitral vascular trunk; Jlr, intestinal vessel; A, w<, vessels in relation with the “ respiratory 
tree.” 

the intestine, by a large opening leading to a wide membranous tube, 
which immediately divides into two vessels (^f/) forming the main 
trunks of the beautiful arborescent branchisD ; these extend to the oppo- 
site extremity of the body, giving off in their course numerous lateral 
branches that divide and subdivide, so as to form what has been not 
inaptly termed the respiratory tree,” until they ultimately terminate 
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in minute vesicular csoca, into which the water derived from tlie cloiu'a 
of course penetrates. One division of this elegant ap])aratus is main- 
tained in close contact with the walls of the body by a series of delicate 
tendinous bands, while the other becomes applied to the convolutiems 
of the intestines, wherewith it is like^vise united. Tt is this last-men- 
tioned division that would appear to bo specially provided for tlie oxy- 
genization of the nutiitive fluids. 

(537.) The circulation of the blood in thcHolotlinria, as in thoEchiinis, 
is still but imperfectly understood ; and considci’able dilference of opinion 
upon this subject will be found in the writings of anatomists. Accord- 
ing to Ticdemann*, innumerable small veins collect the blood and 
nutritive products of digestion from the intestine and convoy them into 
a large central vessel (flg. 101, i /), from whence the circulating fluid 
passes by other trunks (/ 1) to the respiratory tree ; hence it is returned 
by vessels (partly represented at m) to the intestinal artery (/j), by 
Avhich it is again distributed over the intestinal parictes. 

(538.) Dellc Chiaje gives a diflTerent account of tlic arrangement of 
the vascular system in these creatures, which he seems to have investi- 
gated ^vith his usual untiring 
perscvGj|f^nco. According to 
the last-mentioned anatomist, 
the blood is taken up from the 
intestines by a complicated 
system of veins, the main 
trunks of which arc indicated 
in the annexed diagram (fig. 

102) by the letters c, Pj 
q q ; these communicate with 
each other not only by the 
intervention of numerous 
anastomosing branches (d d), 
but likewise by means of de- 
licate vascular plexuses (a) 
passing between them. All 
these veins terminate in two 
large venous canals (o) that 
convey the blood and nutri- 
ment absorbed from the in- 
testine to a vascular circle 
(cf) placed around the com- 
mencement of the oesophagus, 
which corresponds with the Plan of the circulation in Hohthuria, according to 
circular vessel around the DdieChioje. 

mouth of the Echinus. This circle Belle Chiaje regards as the centre 
* Anat. der Eohren-Holothurie. Fob 1816. 
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of the arterial system, in communication with wliich is the contractile 
vesicle (/) ; and this he looks upon as a reservoir for the nutritive Huid. 
From the circailar V(\s8el vaiious arteries are j^ven off: large branches 
pass into the tentacula around the mouth (/) ; so that these organs, be- 
sides being instnimcmts of touch, from the extent of surface that they 
present and tlicir groat vascularity, arc most probably important 
auxiliaries in respii'ation. Five other largo arteries, derived from the 
same source (/• 1% 1), pass backwards to suj^ply the integuments of the 
body, and also to communicate by small cross branches with the little 
vesi(mhir organs connected wdth the locomotive suckers, which, in the 
opinion of Dellc Chiajc, are distended with the same blood as that which 


Fig. \0ti. 



Embryology of Holofhuria. 

circulates through the rest of the body. The descending arteries, thus 
destined to supply the integument and distend the prehensile suckers, 
run in the centre of each of the five longitudinal fasciculi of the mus- 
cular tunic of the skin as far as the cloaca, and exhibit in their distri- 
bution a remarkable exception to the usual arrangement of the arterial 
system, which is generally found to divide and subdivide continually 
into smaller and still smaller canals: in the case before us there 
would seem to be no diminution in the size of the main trunks as they 
approach their termination ; and the cross branches given off in their 
course, instead of ramifying, all end in the minute ambulacral vesicles, 
to the injection of which they would appear to be subservient.’ 
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(539.) The generative system of the Holothuria is essentially similar 
to that found in the AsteridyD, consisting of long ovigcrous caeca. The 
germs are secreted in slender ramified tubes (fig. 101, A h) ; these are 
collected into one great bundle, and open externally by a common canal 
in the neighbourhood of the mouth — not into the oBsophagus, as Cuvier 
supposed, but upon the back of the animal. The generative ca3ca at cer- 
tain times of the year become enormously distended, being at least thirty 
times as large as when not in a gravid state : if examined at this period, 
they arc found to contain a whitish, yellowish, or reddish fluid, in 
which, in the female, the ova are suspended. In the male a precisely 
similar structure exists ; but instead of ova, the caeca contain a fluid 
crowded with spermatozoa during the breeding season. 

(540.) After their escape from the egg, the young Holothuriae have 
been ascertained to undergo a kind of metamorphosis scarcely less 
wonderful than that observed in Opldura and Echinus. In its first or 
Pluteus condition, the little embryo bears no resemblance Avhatcver to 
the future animal, but S’ndms vigorously about by the agency of broad 
membranous-looking expansions that surround the margins of its flat- 
tened body, wherein the stomach and other viscera arc distinguisliablc 
(fig. 103, 1, 2). In its second stage of existence it has somewhat the 
appearaKo of a polype (fig. 103, 3) ; and this ultimately becomes con- 
verted into a larva-like being (fig. 103, 4 ), surrounded with several 
rows of vibratile cilia, by means of which its progression is accomplished. 
In the interior of this larva, a set of rudimentary oral tentacula, sur- 
rounded at their bases by a circle pig. 104. 

of calcareous spicula, is developed, 
an alimentary canal makes its ap- 
pearance, and even the ampullae 
Polianac are distinctlyrocognizable, 
surrounding the position of the 
future mouth. In its fourth stage 
of advancement (fig. 104), the Ho- • 
lothurian structure is no longer 
doubtful, although the apparatus 
of vibratile cilia still exists upon 
the exterior of the body. The ali- 
mentary canal (a) may be seen to 
terminate in a cloacal chamber, 
the Polian vesicle (6) is largely 
increased in size, the calcareous 
circle (c) around the mouth is much 
strengthened, the tentacles {d) have 
assumed larger proportions, and Young Holothuria. 

even the appearance of the suctorial feet (e) is no longer doubtful ; the 
longitudinal muscular fasciculi in the integument progressively acquire 
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strength, and the little creature is transformed into the shape and at- 
tains the proportions of its parent. 

(541.) The special instruments of touch, the only sense allotted to 
these animals, are the branched tentacula around the mouth, which 
seem by far thu most irritable parts of the body. The nervous system 
is so obscurely developed, that even Delle Chiaje was unable to detect 
any traces of its existence; nevertheless there is little doubt of the 
presence of nervous threads in the muscular envelope of the animal, 
although, from the dense tissues wherein they are imbedded, it is next 
to impossible to display their course ; most probably, as in the Echinus 
and Astcrias, these communicate with a circular cord that embraces 
the oesophagus. No ganglia have as yet been discovered even in the 
Holothurh^p. ; and consequently, although the muscular actions of the 
body arc no doubt associated by nervous, filaments, the movements of 
these creatures appear rather to be due to the inherent irritability of the 
muscular tissues themselves, than to be under the guidance and control 
of the animal. In many species, the slightest mechanical irritation 
causes such powerful and uncontrollable contractions of tlie integu- 
ment, that the thin membranes of the cloaca, unable to withstand the 
pressure, become lacerated, and large portions of the intestine and other 
viscera arc forced from the anal aperture. So common, in(^!&, is the 
occurrence of this circumstance, that the older anatomists wore induced 
to suppose that, by a natural instinct, the animals, when seized, vomited 
their own bowels. It is, in fact, extrcmolj difficult to obtain perfect 
specimens of the Holothuridae, from the constant occurrence of this 
accident : but, although annojdng to the naturalist, such a phenomenon 
affords the physiologist an important lesson, teaching that here, as in 
the lower Zoophytes, the muscular system possesses an innate contractile 
power, which would seem only to be destroyed by incipient putrefaction ; 
but so little is this contractility under command, that, once excited to an 
inordinate extent, it becomes totally unmanageable, even though its 
continuance Inevitably causes the evisceration of the creature. 

(542.) FisTULARiDiE. — In order to complete our account of the organi- 
zation of the Echinodermata, we have still to investigate the structure 
of the Fhtularklce — a group that, from the external appearance of the 
individuals composing it, and the total absence of the tubular feet met 
with in other families, has been improperly separated by some modern 
writers finm the class imder consideration. Nevertheless we shaU find 
the position assigned to these animals by Cuvier to be in strict accord- 
ance with the eharacter both of their outward foim and internal struc- 
ture ; only, instead of placing them with the lowest of the Echinoderms, 
they would have been more properly situated at the head of the class, 
as most nearly approximating the Annelida in all the details of their 
economy. We have already given a description of the outward form of 
a Fistularia (§ 443), and seen the completely annulose condition of its 
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body, altboTigb tlio rfuliating tcntaeiila around tlic moiitli are ovid('iitly 
analogous to those of the Holothuria, already described. 

(543.) The Sqninnihs inhabits shallow seas, concealing itself at the 
bottom in holes that it excavates in the sand. Having once hx^ated 
itself, it is seldom found to quit its concealment, but, I’ctaining its liold 
upon the side's of the retreat which it inhabits, by dilating the posti'iior 
part of its body it occasionally protrudes its head from the orifice, cither 
for th(i purpose of pro(niring food, or of respiring more freedy tlio water 
of the ocean. 

(544.) These animals arc much sought after by fishermen, who em- 
ploy them as baits for their hooks ; and one species, Si^titnculus edulis, 
is used in China as an article of food. 

(545.) The body is covered externally with a delicate cuticle, easily 
separable by maceration or simple immersion in spirit; and when 
thus detached it forms so loose a covering, that Linnsous, deceived by 
the appearance of an animal thus preserved, applied to it the name of 
Sij)unn(7us saccatus. 

(546.) Tlio muscular investment, placed beneath the skin, is com- 
posed of strong fasciculi arranged in three distinct layers. The exter- 
nal stratum is disposed in circular rings, beneath which spiral fibi’cs 
may be otrserved crossing each other at various angles ; and lastly, the 
inner coat is made up of about thirty powerful longitudinal bands, ex- 
tending from one extremity of the body to the other. Such an arrange- 
ment is evidently sufficient for the general movements of progression ; 
but in order to facilitate the retraction of the tentacular apparatus 
around the mouth, eight additional muscles surround the oesophagus ; 
and by their action the whole of the oral apparatus is completely in- 
verted and drawn inwards. 

(547.) The teiitacula around the oral orifice are the principal agents 
employed in seizing and swallowing food, an office to which they are 
peculiarly adapted by their great sensitiveness and power of contraction ; 
but, as we have found to bo generally the case among the Echinodor- 
mata, sand and fragments of shell form tlio great bulk of the contents 
of the intestine, so that it is by no means easy to state precisely the 
nature of the food upon which the Sipunculi are nourished. 

(548.) The structure of the alimentary canal and of the nutrient 
apparatus conforms too accurately with what we have already seen in 
Holothuria to permit of a moment’s hesitation concerning the relation- 
ship that exists between the apodous Echinodermata and the Holo- 
thuridae. The oesophagus (fig. 105, h) is narrow, and soon dilates into 
a kind of stomachal receptacle (c) ; but, although the diameter of the 
intestinal tube is at this point perceptibly larger than in any other 
part of its course, there is no other peculiarity to distinguish it from 
the rest of the intestine. In the Annelida, the digestive apparatus is 
invariably straight, traversing the body from one extremity to the other, 
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— a circumstance tliat distinguishes them remarkably from the Ediino- 
derms we arc now considering ; for in Si^mncuhis we find a digestive 
canal six or seven times the length of the animal, within which it is 
folded upon itself in various distinct convolutions. Leaving the stomach, 
if wo may so ( all the dilatation above alluded to, it passes down (d d d) 
nearly to the tail, where it is reflected upon itself, and mounts up again 
as far as the point where it com- * 
menced ; here it again turns back, and, 
once more reaching the bottom of the 
tegumentary sac, becomes a second 
time directed upwards, and rc-ascends 
as far as the point e, where the anus 
is situated. 

(549.) It is easy to account for this 
extreme length of the intestine when 
we consider the nature of the mate- 
rials used as food, and the small pro- 
portion of nutriment contained among 
the sand Jind broken shells foimd in 
the digestive canal : but the romai’k- 
able position of the anal aperture is 
only explicable by a reference to the 
peculiar habits of the creature; for 
(living, as it does, in a narrow exca- 
vation bored in the sand, from which 
it seldom issues), had the excrements 
been discharged, as in llolothuna, 
through a terminal orifice, their con- 
stant accumulation at the bottom 
would soon expel the animal from its 
retreat ; but, by the arrangement 
adopted, it is only necessary that the 
anterior part of the body should be 
protruded from its concealment, and 
the excrementitious matter may be 
cast out without inconvenience. The 
intestine is retained in situ and sup- 
ported at all points by innumerable 
tendinous bands, that arise from the 
interior of the muscular walls of the 
body and form a kind of mesentery. 

(550.) In Sqmneulus, the character 
of the circulating system is in all 
essential points strictly analogous to that of the other Echinodermata ; 
and moreover, from the superior concentration visible in every part, we 
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have the multiplied organs of the other himilics exhibiting so much 
simplicity of arrangement, that whatever may have appeared obscure 
or complicated in our description of Echinus and Ilolothuria will receive 
elucidation from tlic diagrammatic form in which all the vessels con- 
nected with the circulation of the blood are represented in fig. 1 05. 
The intestinal vein (m) may bo readily traced along the entire length 
of the alimentary canal : commencing near the anal extremity of the 
bowel, it follows all its convolutions, and receives from every paj’t the 
minute vessels which ramify over the intestinal walls. These vemous 
ramifications undoubtedly perform the office assigned to the lact('als of 
higher animals, and imbibe the nutritive particles furnished by digestion, 
which of course are conveyed into the great venous trunk (7n). Arrived 
opposite to the termination of the oesophagus, the intestinal vein divides 
into two vessels : one performing the office of a branchial arteiy, by 
conveying a part of the blood to the respiratory organs in the neigh- 
bourhood of the mouth ; the other, which we may call the aorta, dis- 
tributing the remainder to all parts of the tegumentnry system. The 
binnchial vessel (n) runs from the bifurcation of the intestinal vein to 
the base of the oral tentacles, where it forms a vascular circle around 
the commencement of the oesophagus, analogous to that which we liavo 
seen inT^lot/mcia ; and in connexion with this circular vessel we find 
the “ amjnilla Policma” (/i), which Dellc Chiaje conceives to bo here, as 
in other cases, a receptacle for the circulating fluid. From the vascular 
circle around the mouth, vessels are given off to ramify minutely through 
the substance of the tentacula (a ) ; so that these appendages may be 
considered as respiratory organs like those of Holothuria. The other 
vessels derived from the oral circle have not been traced ; but we may 
conclude from analogy that arteries supplying the mouth and alimentary 
canal are furnished from this source. 

(551.) The aorta (o) is the other large vessel derived from the intes- 
tinal vein, and is seen to pass in a flexuous course from its origin to 
the posterior extremity of the body, following the median line, and 
giving off transverse binnches on both sides opposite to every ring of 
the muscular integument. At the commencement of the aorta is a 
dilated vesicle (Z), which may be looked upon as a heart {auricle, Delle 
Chiaje). The vesicle alluded to is of a conical form, the apex of the cone 
being directed towards the tail of the animal; and, from the impossibility 
of making mercury pass from the aorta through this organ in the di- 
rection of the intestinal vein, it is probable that it contains an appa- 
ratus of valves so disposed as to prevent any retrograde motion of the 
blood. At the termination of the aorta there appears to be a second 
enlargement, to which the name of ventricle has been given, and which 
is perhaps also capable of contraction, so as to assist in the propulsion of 
the circulating fluid. The blood of these animals is of a purple colour in 
the veins, but red in the arterial vessels. 
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(552.) Wc liavc seen that the tcntaciila are, from their vascularity, 
well adai^ted to fulfil the office of a respiratory apparatus ; but it may 
he iiresumcd that they are not the only agents by which respiration is 
accomplished. Upon the outer surface of the body, in the neighbour- 
hood of the anal opening, two apertures are \dsiblo, which h^ad into two 
long sacculi (/, p), the entrance being guarded by muscular fibres (^) : 
their texture presents transverse and longitudinal strim ; and they con- 
tract spontaneously, even after the animal is dead ; internally they are 
lined with a mucous membrane. The use of these organs is not ]>ro- 
cisely known ; Cuvier regarded them as belonging to the generative 
sj'stem, while Delle Chiajc looks upon them as resjiiratory organs. 

(5f53.) In this elevated form of the Echinodermata, so nearly allied 
to the Homogangliate type, we may naturally expect a more complete 
development of nervous ganglia than wc have yet met uith in the class ; 
and accordingly wc find, upon the anterior part of the cesophagus, two 
little nervous tubercles (i) from which neiTous filaments issue to be 
distributed to different parts of the body ; one of these, in iiarticular, 
may be traced along the whole length of the intestine, from the mouth 
to the anus. 

(554.) Wo are entirely ignorant concerning the mode of reproduction 
in those creatures, nevertheless, at certain seasons of thCycar, on 
opening the visceral cavity it is found to be filled, with a fluid of a 
reddish tint, in which thousands of minute white bodies resembling 
millet- seeds are scon to float ; should these be ova, they are probably 
expelled through an orifice that exists in the vicinity of the tail. 


CHAPTER IX. 

IIOMOGANGLIATA (Owen). 

Akticulata (Cuv.). Annulosa (MacLcay). 

(555.) The next great division of the animal kingdom includes an 
immense number of living beings, adapted by their conformation to 
exist under a far greater variety of circumstances than any which we 
have hitherto had an opportunity of examining, all of which are ob- 
viously only adapted to an aquatic life, and accordingly are invariably 
found either to inhabit the waters around us, or to bo immersed in the 
juices of living animals upon which they subsist. Even the Echino- 
dermata are too imperfect in their construction to admit of their en- 
joying a terrestrial existence, inasmuch us, possessing no nervous cen- 
tres adequate to give force and precision to their movements, they are 
incapable of possessing extcmal limbs endowed with sufficient power 
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and activity to be capable of progression upon land ; neither are any of 
them furnished with organs of sense, that must be indispensable for the 
security of creatures exposed to those innumerable accidents to which 
the inhabitants of a rarer element arc perpetually liable. 

(556.) The type of structure met with in the Homogangliata admits 
of far higher attributes and allows the enjoyment of a more extended 
sphere of existence : senses become developed proportionate to the in- 
creased perfection of the animal; limbs arc provided endowed with 
strength and energy commensurate with the development of the nervous 
ganglia that direct and control their movements; and instincts arc 
manifested in relation with the increased capabilities and more exalted 
powers of the various classes as they gradually rise above each other in 
the scale of animal development. 

(557.) The most obvious though not the most constant character 
that distinguishes the creatures we arc now about to desci’ibc is met 
with in their external conformation : they arc all of them composed of 
a succession of rings formed by the skin, or outward integument, which 
from its hardness constitutes a kind of external skeleton, supporting the 
body, and gis’ing insertion to the muscles provided for tlie movcmients 
of the animal. In the lowest forms of the Aiiticulata, the body is 
extremeljpelongated, and the rings i)roi)ortionately numerous ; the in- 
tegument, moreover, is soft and jdclding, and, as a nocessar}’ cionsc- 
qucnce, the limbs appended to tlie different segments arc feeble and 
imperfect ; such is the structure met with in the AVornis, or Anxelidans, 
properly so called. 

(558.) As we advance, we perceive the tegumentary rings to become 
less numerous, and the skin of a denser and firmer texture, adapted 
to sustain the action of stronger and more powerful muscles ; the limbs 
likewise become more elaborately formed, their movements more free 
and energetic, and the instruments of sight and touch begin to assume 
considerable perfection of structure. Tliis state of development we find 
in the Myriapoda, or Centipedes, 

(559.) In the Insects, the concentration of the external skeleton is 
still more remarkable. The integument assumes a hardness and solidity 
proportioned to the vigorous movements of which the limbs are now 
capable ; the rings or segments of the body, hitherto distinct, become 
more or less firmly soldered together in those parts where great strength 
and firmness are necessary, and scarcely any traces are left to indicate 
their existence as separate pieces ; so that, instead of exhibiting that 
succession of similar segments seen in the Centipede, the body is appa- 
rently divided into three distinct portions : viz. the head, that contains 
the organs of the senses and the parts of the mouth ; the thorax, sus- 
taining the limbs, or instruments of progression ; and the abdomen, en- 
closing the viscera subservient to nutrition and reproduction. 

(560.) In a fourth division of articulated animals, namely the 
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Aiuctinidans, or Spiders^ still further consolidation of the external 
skeleton is visible ; for, in them, even the separation between tlie head 
and the thorax is obliterated, and it is in the abdomen only that the 
segments of the body are recognizable. 

(501.) Lastly, among the Crustackans we have various modifications 
of the outward skeleton, adapted to the habits of the different tribes. 
In the least perfect species, which are all acpiatic, the segments of the 
skeleton are t)eifectly distinct and separate, resembling those of the 
Myria 2 )oda ; but in the stronger and more predacious tribes, the i)icces 
of the head find thorax become sohdly fixed together ; and iu those 
forms most adapted to a terrestrial life, namely tlic Crabs, almost aU 
traces of distinction between the thoracic segments are lost in the con- 
struction of the calcareous shield that covers and protects their whole 
body. 

(5()2.) We sec, therefore, from the above rapid sketch of the different 
classes composing the articulated division of the animal kingdom, that, 
as tlieir organization assumes greater j^erfection, tlio different segments 
of the external skeleton coalesce and become united together, so as to 
give greater strength to those parts more imm(‘diatcly connected with 
locomotion or the, destruction of prey ; let us next exjimine the nature 
of the neiTous apparatus that characterizes the IIomogangS^ta, and 
observe the relation which the outward form of the body bears to the 
arrangement of this primary sj'stem of the animal economy. In the 
humblest forms of the Annnlosa, it Avould seem that every ring of the 
body contains a complete nervous apparatus, consisting of a 2 )air of 
ganglia, and a set of nerves destined to supply the particular segment 
in which they are lodged. All these different brains, belonging to the 
individual segments, communicate with each other by nervous filaments, 
so that a continuous chain is formed, passing along the whole length of 
the body. With the exception of the anterior pair of ganglia, or those 
contained in the fii’st ring, Avhich we may call the head, the nervous 
centres are arranged along the ventral region of the body, that is, 
beneath the alimentary canal ; but the anterior pair arc invariably 
situated upon the dorsal aspect of the animal, and communicate with 
the rest by a nervous collar that embraces the commencement of the • 
oesophagus. The nervous masses placed along the belly preside specially 
over the movements of the segments to which they belong, and have 
little to do with sensation, or the perception of external objects ; whilst 
the anterior or cephalic pair, from the constancy of their communi- 
cation with the organs of the senses, appear to be peculiarly in relation 
with the perceptive faculties of the creature. 

(563.) It may be taken as a general law, that tlie perfection of the 
nervous system of any animal may be estimated by the proportionate 
size of the central ganglia, upon the development of which both the 
energy of the actions of the body and the completeness of perception 
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depend ; and by following out this great principle, we shall be easily 
able to account for the progressive steps whereby the Articulata bc'conu' 
more and more perfectly organized, as we trace them in the seiics above 
indicated. In proportion as we have found the segments of the body 
to become less numerous, the appended limbs stronger, the outward 
skeleton more dense, and the muscular powers more energetic, we shall 
find the abdominal ganglia to diminish in number by becoming consoli- 
dated into larger masses, increasing in size and energy in accordance 
with the development of the limbs over which they preside ; and, in the 
same manner, we shall observe the senses assume greater perfection of 
structure, and the instincts become more developed, as we find the 
"wphalic or anterior pair of brains increasing in proportionate bulk. 

(564.) Among the Homogangliata are likewise to be detected the 
first traces of the sympathetic or splanchnic nervous system. This con- 
sists of delicate filaments which are distributed upon the alimentary 
canal, presenting, in their course, ganglionic enlargements, and anasto- 
mosing, some with the oesophageal ring, and others with the cerebral or 
encephalic ganglia*. 

(565.) These observations will suffice to introduce the student to the 
Homogi^liato division of the animal world, and to direct his attention 
to those physiological points connected with the nature of their nervous 
system which will be more fully laid before him in the following pages. 


CHAPTER X. 

ANNELIDA. 

(566.) The lowest class of articulated animals comprehends an exten- 
sive scries of creatures generally grouped together under the common 
name of Worms. In the outward form of their bodies many of them 
resemble some of the more perfect Entozoa, and wo need not therefore 
be surprised that, in ordinary language, they are frequently confounded 
'together. But whatever may be the similarity in outward appearance 
between the more perfect intestinal worms and the animals belonging 
to the class upon the consideration of which wo are now entering, the 
examination of their anatomical structure will at once show that they 
differ widely from each other, and have thus been properly separated 
by a considerable interval in all the more modern systems of zoological 
arrangement. 

(567.) The principal characters which serve to distinguish the 
Annelida from other forms of the animal world arc readily appreciated, 

* Vide Brandt, Bomerkungon iiber die Mundmagen- oder Eingeweidenerven dor 
Evortebraton. Leipzig, 1835. 
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and, when once pointed out, Avill bo found sufTiciont for the guidance of 
the most superficial observer. The body is always considerably elon- 
gated, and composed of a succession of rings or segments that, with the 
exception of the first and last, scarcely dificr from each other except in 
size. Each ring is generally found to be furnished with a set of short 
spines or seta), calculated to assist in locomotion ; but in no instance arc 
these animals provided with articulated legs. The first segment of the 
body, which may be called the head, contains the mouth, sometimes 
provided with a formidable apparatus of jaws ; it is also generally 
furnished with eyes, and variously-shaped tentacula, apparently instru- 
ments of touch. The last segment also not Unfrequently presents seti- 
form appendages, and occasionally a prehensile sucker, used as an organ 
of progression. 

(568.) Their blood is sometimes remarkable for its red colour, and 
circulates in a double system of arteries and veins ; respiration is effected 
cither in the general cavity of the body, or by means of arborescent 
tufts appended to various parts of their external sui’fiice j moreover 
they are almost all hermaphrodite, and generally require the congress 
of two individuals for mutual impregnation. 

(569.) Abranchiata. — This order comprises two distinct t^es, that 
differ widely in their habits and external appearance : the nrst com- 
prehends the Leeches {Annelida siictoria)^ distinguished by the exist- 
ence of a prehensile sucker situated at each extremity ; wliile in the 
second, instruments of attachment are totally wanting, the only external 
appendages to the body being a number of minute and ahnost impercep- 
tible bristles, which project from the different segments and assist in 
progression : such are the Earthworms, &c. (Annelida terricola), 

(570.) The common Leech (Hb'udo nudicinalis) affords the most 
interesting cxam]3le of a suctorial Annelid, The outward form of one 
of these animals is familiar to every one, and their general habits too 
well kno^^^l to require more than a brief notice. The body is very 
extensible, and divided by a great number of transverse lines into 
numerous rings, apparent in the contmeted state of the animal, but 
nearly imperceptible when the body is elongated. The sldn is soft, 
being merely a thin cuticular pellicle separable by maceration ; and the 
surface is lubricated by a copious secretion of mucus. Beneath the 
cuticle is a layer of coloured pigment, upon which the colours of the 
animal depend ; but the cutis, or true skin, is so intimately connected 
with the muscular integument of the body, that its existence as a 
distinct tunic is scarcely demonstrable. The muscular coverings or 
walls of the body, which form a kind of contractile bag enclosing the 
viscera, arc found, upon accurate dissection, to consist of three distinct 
strata of fibres running in different directions. The outer layer is 
composed of circular bands, passing transversely ; in the second the 
fibres assume a spiral arrangement, decussating each other ; while the 
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internal layer is made up of longitudinal muscles, extending from one 
end of the creature towards the opposite. Such an arrangement is 
evidently adequate to the production of all needful movements, and 
capable of giving rise to all the motions connected with the elongation, 
contraction, or lateral inflexions of the body used in progression. 

(571.) At each extremity of the animal, the muscular coat expands 
into a flattened fleshy disk, composed of circular and radiating fasciculi, 
which, when ai)plied to a smooth surface, perform the ofiico of suckers, 
and thus become important instruments of prehension. There arc no 
vestiges of external limbs ; nevertheless, with the simple mechanism 
above described, the Leech is able to crawl with considerable rapidity 
along the surface of subaquatic plants, or even to swim with much 
facility through the water. The first method of locomotion is accom- 
plished by means of the terminal suckers. Supposing the posterior disk 
to be attached, the animal elongates its body to the utmost, and then 
fixes the sucker placed at the opposite extremity ; this done, the hinder 
parts are drawn forward and again fixed, preparatory to a repetition of 
the process. In swimming, the whole body is elongated, and by some 
partial contractions of the muscular integument, not precisely under- 
stood, assumes the appearance of a flattened band ; in this condition the 
Leech i^es its way through the element it inhabits by successive undu- 
latory movements of the body, performed with much grace and elegance. 

(572.) The mouth of the Leech is an exceedingly complete apparatus, 
adapted not only to the destruction of minute aquatic animals that con- 
stitute its usual food, but, as is universally known, admirably fitted to 
extract blood from the higher animals ; combining, in its operation, the 
offices both of the cupping-glass and the scarificator. 

(573.) The mouth is situated near the centre of the anterior sucker, 
so that the oral aperture is firmly applied to any surface upon which 
this part of the animal is fixed. Around the entrance of the oesophagus 
are disposed three minute cartilaginous teeth, imbedded in a strong 
circle of muscular fibres (fig. 106, a). Each tooth has somewhat of a 
semicircular form, and, w^hen accurately examined with a microscope, 
is found to have its free margin surmounted with minute denticulations 
(fig. 106, n), so as to resemble a small semicircular saw. On watching 
a leech attentively during the process of biting, the action of these 
teeth is at once evident ; for, as the skin to which the sucker is ad- 
herent is rendered quite tense, the sharp serrated edges of the teeth are 
pressed firmly against it, and, a sawing movement being given to each 
cartilaginous piece by the strong contractions of the muscular fibres 
around the neck, these instruments soon pierce the cutis to a consider- 
able depth and lay open the cutaneous vessels, whence the creature 
sucks the fluid w^hich its instinct prompts it to seek after wuth so much 
voracity. The position of the teeth around the opening of the mouth, 
us represented in the subjoined figiu’c (fig. 106, a), wull at once explain 
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tlio cause of triradiatc form of the incision that a Icech-hitc in- 
variably exhibits. 

(574.) On contemplating this singular dental apparatus found in the 
medicinal Leech, and con- 
sidering the nature of the 
food upon which it usu- 
ally lives, it is difficult to 
avoid iirriving at the con- 
clusion that such a struc- 
ture is rather a provision 
intended to render these 
creatures subservient to 
the alleviation of human 
suffering than necessary 
to supply the wants of the 
animals themselves. In 
the streams and ponds 
where they usually in- 
habit, any opportunity of 
meeting with a supply of the blood of warm-blooded vertebrata must be 
of rare occurrence ; so that comparatively few arc ever enabl^ to in- 
dulge the instinct that prompts them to gorge themselves so voraciously 
when allowed to obtain it : neither does it appear that the blood which 
they swallow with so much avidity is a material properly suited to afford 
them nourishment ; for although it is certainly true that it will remain 
for a considerable time in its stomach without becoming putrid, yet it 
is well known that most frequently the death of the Leech is caused by 
such inordinate repletion, provided the greater portion of what is taken 
into the body is not speedily regurgitated through the mouth. 

(575.) The internal digestive apparatus is evidently adapted, from the 
construction of all its parts, to form a capacious reservoir for the recep- 
tion of fluids taken in by suction : the stomach, indeed, with the nume- 
rous lateral appendages opening from it on each side, would seem to fill 
the whole body ; and, being extremely dilatable, allows the animal to 
distend itself to a wonderful extent, so that it is not unusual to sec a 
leech, when filled with blood, expanded to five or six times the dimensions 
natural to it in an empty state. 

(57G.) The stomach itself (fig. 107, h, i) occupies about two-thirds of 
the visceral ca^'ity ; on opening it, as represented in the figure, it is 
seen to bo dmded by delicate septa into nine or ten compartments that 
communicate freely with each other. In each compartment we observe 
two lateral orifices leading into as many wide membranous pouches (A:), 
which, although shrunk and flaccid when in an undistended condition, 
as they arc seen in the figure, are easily filled with fluid introduced into 
the stomach , nnd are then swelled out into vei^’ capacious bags. PerhatJS 


Fig. 100. 



A 

Dental apparatus of the L<Jech. A, triradiate arrange- 
nu'nt of the teeth or saws ; II, a tooth magnifieil. 
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the simplest way of obtaining a correct idea of the relative siz(?s and 
general arrangement of these organs is to make a cast of their internal 
cavities when in a state of distention ; this is 
readily effected by ])lacing a dead leech in 
warm water until it is slightly heated : in this 
state, the pipe of a small injecting syringe 
can bo introduced into the oesophagus, so as to 
fill the stomach and cocca with common wax 
injection; and if the body be immediately 
removed into a vessel of diluted muriatic 
acid, the soft parts will be speedily destroyed, 
leaving an exact model of the interior. It 
wiUthen bo seen that the lateral caeca in- 
crease gradually in size as they approximate 
the posterior extremity of the body, until the 
last pair {d) become so large as nearly to fill 
up the space intervening between the end of 
the stomach and the anal boundary of the 
visceral cavity. 

(577^ The small size of the intestine {e) 
when compared with the capacious stomach 
described above is remarkable : it commences 
by a minute orifice at the termination of 
the digestive cavity, and becoming slightly I 
enlarged, passes in a straight line, lodged bo- (, 

tween the two posterior caeca, to the anus, i 

which is an almost imperceptible aperture 
placed at the root of the posterior sucker : 
four small and apparently glandular masses 
are appended to this short canal ; but their Digentive organs of tho LcplOi 

nature is unknown, ihe entire alimentary in^.rior of the stomachal 
apparatus is retained in situ by numerous cxiiihiting tho opeuingH 

^ ^ of th(‘ lateral caeca (k) ; 7 , tirnt 

membranous septa (m w), passing between its pair of stomachal cisca; </, Inut 

outer walls and the muscular pariotes of the ^ 

body. 

(578.) In the Leech, the circulating system is more highly developed 
than in any other Annelid*. Tho presence or absence of a heart-like 
centre to this system in this class of animals is by no means tho true 
criterion of tho degree of its evolution. The amount of blood relatively 
to the size of tho body, the degree of capillary subdivision which occurs 
on the periphery of the blood-system, and the proportion of the latter 
to the peritoneal fluid, form far more correct indications. In the Leech 
there exists no free space between the intestine and the integument : to 

* Vide Dr. Williams’s Report on tho British Annelida, in tho Reports of tlie British 
Association for the Advancement of Scicnco for 1851. 
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this anatomical fact the highest interest will be shown to belong when 
explaining the mechanism of respiration in this Annelid. Here the 
chylous fluid, Inch in nearly all other Annelids occupies tho general 
cavity of tho body, like a cylindrical fluid stratum, separating the intes- 
tine from the integument, is transferred into the interior of the lateral 
diverticula of the stomach. The peritoneal chamber, being no longer 
required, is obliterated by the adhesion of the intestine to the integu- 
ment : tho union of these parts is effected through the medium of a 
dense spongy layer of capillary blood-vessels, the contents of which arc 
exposed internally to the influence of the fluid contained in the digestive 
caeca, and externally to that of the surrounding element : hence the 
mechanism of the respiratory process, and the power enjoyed by this and 
other abranchiate Annelids of dispensing with all external breathing 
appendages. 

(579.) While, however, the peripheral segment of the vascular system 
in the Leech exhibits proofs of great complexity, the main currents of 
the blood obey two leading directions. If the body of the worm be lon- 
gitudinally bisected by an imaginary horizontal plane into a dorsal and 
ventral semicylinder, then the blood in the primary trunks of the 
dorsal half will move from tho tail towards tho h^ad, and in the ventral 
half from the head towards tho tail : this movei^ent prevails ^hally in 
the groat longitudinal trunks of the integuments and alimentary canal. 
The transverse or circular movement of tho blood is performed by 
means of branches which run between the main longitudinal vessels : 
this latter system is divisible into as many portions as there are rings in 
the body of the worm : each segment of tho body under this arrange- 
ment has its own independent circulation, transverse and longitudinal. 
Thus the currents describe two exccntric ellipses, cutting each other at 
right angles. Of course, the segmental divisions of tho general system 
communicate with each other at every part, while the longitudinal 
trunks are common to all the segments. From this description it is 
manifestly impossible that a distinction of venous and arterial blood can 
exist in tho circulating fluid of this Annelid ; in every j)art of the cir- 
cumference of each ring tho blood is being artcrialized as it is being 
rendered venous ; the two opposite processes proceed simultaneously in 
the same capillary system. The blood must be, therefore, as arterial 
and as venous at one and the same time in the dorsal as in the ventral 
trunks ; notwithstanding, the dorsal main is recipient, the ventral 
distributive of the blood ; all the secondary currents converge upon the 
former, and emanate from the latter ; the blood in both is nevertheless 
identical in physiological properties. 

(580.) In addition to tho main dorsal and ventral trunks, there exist 
in the Leech two strong and obvious lateral trunks, one on each side 
(fig. 108, ee). The branches exhibit in their walls a structure pre- 
cisely tho same as that which distinguishes the vascular system in every 
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other part of the body, while the iwimary lateral trunles arc provided 
with remarkable muscular i)arietcs, their fibres being of the striped 
kind. The fascicle of the muscle composing the walls is arranged in a 
manner which is quite distinctive of, and j^eculiar to, this vessel ; it is 
coiled Avith so much regularity as to enclose a perfect cylinder, in Avliich 
the blood flows : the longitudinal fibres are all suppressed, and therefore 
the circular fascicles, lined within by u hyaline membrane, constitute 
exclusively the coat of the vessel. Such a vessel is almost unique in 
structure in the animal 
series; but none other would 

perform so admirably the . , , . 

peculiar duties for which it ^ N 

is introduced into this part, * uW ^ 

obviously as a special pro- n 

vision. Its business is to W. 

transmit with augmented — " — \ 

force a current of blood in a y 

transverse direction from T 

the side to the ovario-ute- / 
rine oi^jjps (flg. 108, //), 

which fdrm a double longi- j\ ^ 

tudinul scries, one on either s / 

side of the ventral mesial ( 

line in each annular seg- 

mont of the body. An ex- ts 

press branchfrom the latero- S / 

abdominal trunk on either y y0X x® ^j\ \ 

side is furnished to these ^ 

reproductive organs (fig. ^ 

108, h 7i^ ; so that the Dia(»ram illustrative of the circulatory aiijiarntus in 
amount of blood propelled the Leech (Aa^^r hr. Williams.) 

^ ^ j • ff, great dorsal vessel ; c, ventral vessel ; rfd, intereoni- 

by this vessel, measured in munieating vessels between dorsal and ventral trunks; 
ifa totality, must be very aWominri tnmk.; ///, ovarin-,.u..-i.,.. 

^ organs, <7, vessels distributed over the cmeal apiicnd- 
considerablc, and the quan- “g**® to the stomach; a a, branches from the lateral 
aMominal trunks supplying the ovario-uterino attpa- 

tity during the generative ratus. 
season must undergo great 

increase in consequence of the augmentation of size which at that 
period these organs experience. The lateral longitudinal vessel is 
strikingly adapted to meet such alternation of extremes : constructed 
of muscle, it readily yields, under the flow of the blood-tide to the 
organs to whoso Avants it ministers, and its parietes augment by accele- 
rated nutrition during the periods of increased local determination of 
blood; formed of any other structure than muscle, such admirable 
adaptive alternations could not happen. 

(581.) It has been generally considered that, in the abranchiate An- 


Diagram illustrative of the circtilatory n]i)>arntus in 
the Leech (Jlirmlo medicinalift). (After Jlr. AVilliams.) 
a, great dorsal vessel; c, ventral vt'ssel; dJ, intereoni- 
niunicuiing vesstds between dorsal and ventral trunks; 
ee, lateral abdominal trunks; fff, ovario-uterine 
organs; 17, vessels distributed over the (meal apiiend- 
ages to the stomach ; A A, branches from the lateral 
alKlominal trunks supplying the ovario-uterine appa- 
ratus. 
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nclidans, the organs provided for respiration arc a series of membranous 
pouches, communicating externally by narrow ducts, or spiracles, as tliey 
liavo been termed, into W'liicb acb’ated water is freely admitted. These 
saeculi, in the Leech, are about thirty-four in number, seventeen being 
visible on each side of the body ; they are extremely vascular ; and in 
connexion wuth every one of them there is a long glandular-looking 
appendage, represented in fig. 110, rn. 

(582.) According to the views of M. Dugt\s, which, previous to the 
appearance of Dr. Williams’s interesting memoir, were received with 
general assent, the two lateral vessels in the Leech are appropriated to 
the supply of this respiratory system, and in them the blood moves in 
a circle quite independent of that formed by the dorsal artery and 
ventral vein, although they all communicate freely by means of cross 
branches, those passing from the lateral vessels to the dorsal being called 
byM.Dugcs* dorso-lateralj while those which join the lateral trunks 
to the ventral canal are the latero^ahdominal branches of that observer. 
The movement of the blood in the lateral or respiratory system of vessels 
is quite distinct from that which is accomplished in the dorso-vcntral 
or systemic trunks : sometimes it passes down one of these vessels from 
the head towards the tail, and in an opposite direction on the other 
side of the body ; but in a short time the movement of the cur^ts will 
be seen to become completely reversed, so that an undulatorj^ motion, 
rather than a complete circulation, is kept up. By this action of the 
lateral canals the blood is made perpetually to pass and ropass the 
respiratory sacculi ; and, opposite to each of these, branches are given 
off which form so many independent vascular circles, representing very 
closely the minor or pulmonary circulation of higher animals. 

(583.) On examining attentively one of the “ respiratory pouches,’^ 
according to the same authority, its membranous walls are seen to be 
covered with very fine vascular ramifications (fig. 109,/), derived from 
two sources : the latero-abdominal vessel (d) gives off a branch (<?), 
which is distributed upon the respiratory sacculus ; and there is another 
very flcxiious vascular loop (?>), derived from the lateral vessel itself (a), 
which terminates by ramifying upon the vesicle (/) in a similar manner. 
The walls of the loop (b) are extremely thick and highly irritable j 
but on tearing it across, the internal cavity or canal by which it is per- 
forated is seen to be of comparatively small diameter ; so that we arc not 
surprised that, although such appendages to the respiratory sacs Avere 
detected and well delineated by former anatomists t, their nature was 
unknown, and they were supposed to be glandular bodies appropriated 
to some undiscovered use. Prom the arrangement above described, 
M. Duges was led to believe that small circular currents of blood exist, 

* Ann. dos Sci. Nat. vol. xv. 

t Delle Cliiaje, op. cit. Moquin-Tandon, Monographie sur la famille des Hiru- 
din4c8. 4to, Montpellier, 1827. 
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whidi are independent, to a certain extent, of the general circulation, 
and that opposite to 

each membranous bag 1^- 

a portion of the fluid 
contained in the lateral 
vessel (a) is given off 
through the muscular 
tube (2>) (which thus re- 
sembles a pulmonary 
heart), and, after being 
distributed over the 
walls of tho supposed 
respiratory vesicle, and 
in this manner exposed 
to tho influence of oxy- 
gen, the blood returns 
into tho general circu- 
lation*. 

(584.) The nervous 
system of the Leech 
(fig. 1 /c) consists of 

a long scries of minute 
ganglia joined by con- 
necting filaments : of 
these, about twenty- 
four are situated along 
the ventral surface of 
the body. The anterior pair, or that immediately beneath the oesophagus, 
is larger than the rest, forming a minute heart-shaped ma.ss, which is 
united, by a delicate nervous collar embracing the gullet, mth two small 
nodules of ncurino situated upon the dorsal aspect of the mouth. The two 
minute ganglia last mentioned foim that portion of the nervous system 
most intimately connected with sensation ; for, while the ncirvous fila- 
ments given off from the abdominal ganglia are distributed to the 
muscular integuments of the body, the nerves which issue from the 
supra-ccsophageal pair supply the oral sucker, where the organs of the 
senses are situated. In all tho Homogangliata, indeed, it is exclusively 
from this cephalic pair of ganglia that tho nerves appropriated to the 
instruments of the senses arc derived ; and we shall therefore not hesi- 
tate in tho follomng pages to apply to this part of the nervous system 
of tho Articulata the name of drmn ; considering it to be strictly analo- 
gous, in function at least, with the cerebral masses of more highly 
organized beings. 

* As will be seen further on, the so-called pulmonary fiearfs'' of M.Duges arc 
regarded by Dr. Williams os ovario-uterine organs. 



Respiratory organs of the Leech, according to M. Dugbs : 
a, lateral vessei; b, pulmonary heart; c, dorso-lateral 
branch ; d, latero-abdominal vessel ; e, ali'ercnt pulmonary 
branch ; f, respiratory sacculus. 
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(585.) The splanchnic system in the Leech consists of three small 
ganglia, situated in front of the brain, with which they are connected by 
delicate nervous filaments. All throe send branches to the parts around 
the mouth and to the inferior surface of the alimentary apparatus*. 

(586.) When, however, we regard the minute size of these as yet 
rudimentary nervous centres, we cannot expect to find them associated 
with any very perfect apparatus of sensation. The oral sucker, indeed, 
seems to possess a more delicate sense of touch than the rest of the 
body, adapting it to examine the surface to which it is about to be 
fixed ; and probably the Leech may enjoy, in some measure, perceptions 
corresponding with those of taste and smell. These senses have been 
found to exist in many of the animals wo have already described ; but in 
the HirucUnidee we have, in addition, distinctly-formed organs of vision, 
exhibiting, it is true, the utmost simplicity of structure, but neverthe- 
less corresponding, in the perfection of their development, with the con- 
dition of the cerebral masses in relation with them. 

(587.) The eyes of the Leech are eight or ten in number, and are 
easily detected, by the assistance of a lens, under the form of a semi- 
circular row of black points, situated above the mouth, upon the sucking 
surface of the oral disk, — a position evidently calculated to render them 
efficient agents in detecting the presence of food. The sUhcture of 
these simple eyes, according to Professor Miillort, does not as yet pre- 
sent any apparatus of transparent lenses adapted to collect or concen- 
trate the rays of light ; but each ocellus, or visual speck, would seem 
to be merely an expansion of the tcrmii^l extremity of a nerve derived 
immediately from the brain, spread out beneath a kind of cornea formed 
by the delicate and transparent cuticle ; behind this is a layer of black 
pigment, to which the dark colour of each ocular point is due. 

(588.) Leeches, like the generality of the Annelida, are hermaphrodite, 
every one possessing two complete systems of generative organs, one 
subservient to impregnation, the other to the production of the ova ; 
nevertheless these animals are not self-impregnating, but the congress 
of two individuals is essential to fecundity. 

(589.) Commencing with the male organs, we are not surprised to 
find the testes divided into numerous distinct masses, or, rather, repeated 
again and again, in conformity with a law to which wo have already 
alluded. The glands that apparently secrete the seminal fluid are 
about eighteen in number (fig. 110, e,/), arranged in pairs upon the 
floor of the visceral cavity. Along the external edge of each series 
there runs a common canal, or vas deferensj which receives the secre- 
tion furnished by all the testicular masses placed upon the same side of 
the mesial line, and convoys it to a receptacle (d), where it accumulates. 
The two. reservoirs, or vesiculce semtnales (d d), if we may so call them, 
communicate with a muscular bulb (c) situated at the root of the penis. 

* See Brandt und Ratzeburg, Med. Zool. tab. 29. t Ann. d. Sci. Nat. toI, xiii. 

Q 
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The penis itself (a) is frequently found protruded from the body after 
death ; it is a slender tubular filament, which communicates by its 
origin with the contractile bulb (c), and, when retracted, is lodged in a 
muscular sheath (^). The male aj)i)anitus is thus complete in all its 
parts: the fecundating secretion derived from the double row of testes 
is collected by the two vusa deferentia and lodged in the receptacles 
(d (1 ) ; it is thence conveyed into the muscular cavity (c) situated at the 
root of the male organ of excitement, through which it is ultimately 
ejected. 

(590.) The ovigerous or female sexual organs of the Leech arc more 
simple in their structure than those that constitute the male system. 
They open externally by a small orifice situatt'd immediately behind 
the aperture from which the penis is protruded, the two openings 
being separated by the intervention of 
about five of the ventral rings of the ^ 


body. The vulva, or external canal, 
loads into a i)ear-sliaped membranous 
bag (fig. 110, (j)j which is usually, 
but improi)crly, named the uterus. 
Appended to the bottom of this organ 
is a convoluted canal (A), that com- 
municates with two round whitish 
bodies; these are the ovaria. The 
germs which arc formed in the ovarian 
corpuscles, therefore, escape through 
the tortuous duct (A) into the utenis 
{(f), where they arc detained for some 
time, prior to their ultimate expulsion 
from the body. The exact nature of 
the uterine sacculus, as it is called, is 
imi)crfcctly understood; some regard 
it as a mere rceoptaclo wherein the 
seminal fluid of the male is received 
and retained until the ova come in 
contact with it as they pass out of the 
body, and thus arc subjected to its 
vivif}dng influence ; other physiologists 
believe that the germs escape from the 
ovaria in a very immature condition, 
and suppose that during their sojourn 
in this cavity they attain to more com- 
plete development before they are ripe 
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for exclusion ; while some writers go so far as to assert that leeches arc 


strictly viviparous, inasmuch as living young have been detected in the 
interior of this viscus : but all these suppositions are easily reconcilable 
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with each other. There is no doiil)t that the seminal liquor is deposited 
in this rcseiToir durinj^-tho copulation of two individuals ; neither would 
any one dispute that the ova are collected in the same cavity before they 
arc expelled from the body. As to the discussion whether the young are 
born alive or not, or, as it is generally expressed, whether leeches are 
oviparous or vivq)arous, it is in this case merely a question of words ; foi*, 
in a jAiysiological point of \icw, it cannot make the slightest difference 
whether the ova arc expelled as such, or whether, ouung to their being 
retained by accidental circumstances until they arc hatched internally, 
the young leeches make their ai)pcaranco in a living state. 

(501.) Leeches arc oviparous. Tlie ova remain in the uterus for some 
time, wIktc they become invested, first with a serous membrane, and 
then with a glutinous fluid which remains attached to them .'rftcr their 
expulsion, and serves as a protecting covering after they are deposited in 
the clay and holes of the sides of 2 )onds. They genci’ally deposit these 
cocoons from ^May to the end of September. 

Such was the generally received view of the arrangement of the 
generative organs of these Annclidans, as given in the first edition of 
this work. Wo will now proceed to describ(^ the reproductive system 
of the Leech, as deciphered by Dr. Williams in his most recently pub- 
lished version^ : — ^ 

(51)2.) The segmental organs of the Leech tribe exist under very 
readily d(‘monstrated (jonditions. After pinning the common leech down 
cartdiilly to the trough, and opening the body by a longitudinal incision 
along the dorsal aspect, the whole stomach and its diverticula must be 
minutely picked away. The dissection should then be washed with very 
g(}ntle streams of fresh cold water, in order to remove the blood, which 
obscures everything, 'rtio object being thus carefully cleansed, and then 
floated in water, a full view of the segmental ovarian and the median 
testicular systems will present itself. 

(59;!.) The one consists of a bilateral series of extremely delicate, 
floating, pctirly-looking membranous organs, equalling in tlio number of 
their pairs that of the annuli marked upon the integument. The other, 
more medianly situated and bilateral, also consists of two scries (one on 
either side) of little spherical white bodies, tied together by an interme- 
diate tliread, which unite at a common point anteriorly. A third element 
should be noticed, namely the small sacculnHf which, immediately behind 
the anterior mass of the united testes, lies also on the median line. 

(594.) According to Dr. Williams, every segmentary organ in the body 
of the Leech is not only an excrctionary instrument for the discharge of 
the cavitary fluid, but is also an ovary. The tube which proceeds from 
one limb of the organ and tenninates in a spherical membranous vesicle 
is the counterpart of the ciliated extremity of the segmental organs of 
Nals and Lnuibrinfs. Both open into the cavity of the body. In the 
* Phil. Trans. 1858. 

q2 
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Leech, however, neither the vesicle, nor the tube into which it is pro- 
longed, is ciliated, hut, in lieu, they arc highly contractile. The vesicle 
is the respiratory saccuhis of Dugos (§ 581). It docs not, as Duges con- 
tends, communicate externally by an orifice in the integument, hut in- 
ternally. The tube which supports this vesicle arises from tliat liml) of 
the segmental organ which contains the ova in their least-deve]o[)ed 
condition. It is probable therefore that the chylaquoous fluid which Ibis 
tube is designed to discharge flows throughout the entire extent of the 
organ, from the point of entrance to that of exit, before it escapes exter- 
nally. In this course the fluid may afford the materials of nourish- 
ment to the ova as they travel from one limb to another of the looped 
organ. 

(595.) The organ itself may bo described as a looped tube, the limbs of 
which, returning upon themselves, and one invaginating the other, open 
externally at the same point. In order to examine further these deli- 
cate organs, they must be cut out, as closely to the abdominal surface as 
possible, by moans of a curved pair of scissors. They should then be 
floated in water on a glass slide, covered by a thin slip, and placed 
under the microscope. If they have been successfully dissected out, it 
wiU he seen that one limb is broader and more transparent than the 
other : iiCthe former limb the ova are merely pellucid cells, consisting 
exclusively of the germinal vesicle and germinal spot ; in the latter 
limb the ova have acquired their full complement of vitellus. At this 
stage they exhibit a flattened ovoid form. This fact affords a demon- 
stration as to the course taken by the ova in their passage from the 
ovary, properly so called, towards the exterior. The scat of the true 
ovary, or that part which is endowed with the special power of ovo- 
genesis, is marked by the plexus of vessels. In relation to this special 
centre, all the rest of the organ may be characterized as the oviduct ; but 
it is also a vitellarium. It follows therefore that, in the Leech tribe, the 
ova at no time reach the cavity of the body : this may be one reason 
why, in this family, the perigastric cavity is so contracted, and the con- 
tained fluid so reduced in volume. 

(596.) Abeaxchia teericola. — The species belonging to the second 
division of those Annelidans which possess no external organs of res])i- 
ration arc easily distinguishable from the suctorial worms by the dif- 
ferent construction of their instruments of locomotion. They live in 
general beneath the surface of the ground, either perforating the soil in 
all directions, as the Earthworms (Lumbrici), or burying themselves in 
the mud upon the sea-shore or of freshwater streams, where many of 
them, called Naides (Nais, Linn.), live a semi-aquatic life. In con- 
foimity with such habits, their entire structure is adapted to a subterra- 
nean existence, and their bodies are so organized as to enable them to 
burrow with facility through the dense and unyielding materials wherein 
they are usually found. Whoever has attentively watched the opera- 
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lions of an Earthworm when busied in burying itself in the earth, must 
have been struck with the seeming disproportion between the laborious 
omplojuncnt in which it is perpetually engaged, and the means provided 
for enabling it to overcome difficulties apparently insmmiountablo by any 
animal unless provided with limbs of extraordinary construction and 
possessed of enormous muscular power. In the Mole and the burrowing 
Cricket we at once recognize, in the immense development of the anterior 
legs, a provision for digging, admirably adapted to their subterranean 
habits, and calculated to throw aside 'with facility the earth through 
Avhich they work their way ; but in the worms before us, deprived as 
they appear to bo of all external members — feeble and sluggish even to 
a proverb, — where are we to look for that mechanism whereby they are 
enabled to perforate the surface of the ground, and to make for them- 
selves, in tlie hard and trodden mould, the pathways that they traverse 
with such astonishing facility and quickness ? 

(597.) The structure of the outer fleshy integument of the Earthworm 
resembles in every respect that of the Leech, already described, both in 
the annular arrangement apparent exteimally, and the disposition of the 
muscular strata. The suctorial disks, however, that in the Leech formed 
such important instruments of progression, are here totaUjjL wanting ; 
and the annular segments of the body, as they approach tne anterior 
extremity, become gradually diminished in size, so as to terminate, when 
the worm is fully stretched out, in a fine point, near the apex of which 
is the opening of the mouth. But there is another circumstance wherein 
the external anatomy of the terricolous Annelidans differs materially 
from what we have seen in the suctorial Abranchia ; in the latter, the 
tegumentary segments were quite naked upon their outer surface ; 
but in the Lumhrici, of which wo are now speaking, every ring, when 
examined attentively, is found to support a series of sharp retractile 
spines or prickles ; these, indeed, are so minute in the Earthworm, that, 
on passing the hand tilong the body from the head backwards, their pre- 
sence is scarcely to be detected by the touch, but they are easily felt by 
rubbing the animal in the opposite direction, — a circumstance arising 
from their hooked form, and from their points being all turned towards 
the tail. These differences between the external structure of tho suc- 
torial and setigerous Abranchia, minute and tri'vdal as they might seem 
to a superficial observer, are, however, aU that are required to convert 
an aquatic animal into one adapted to a subterranean residence, as will 
bo evident to any one who observes carefully tho manner in which the 
Earthworm bores its way through the soil. The attenuated rings in the 
neighbourhood of the mouth are first insinuated between the particles of 
tho earth, which, from their conical shai^e, they penetrate like a sharp 
wedge ; in this position they are firmly retained by the numerous re- 
cun'cd spines aj)pended to tho different segments : tho hinder parts of 
the body are then drawn forwards by a longitudinal contraction of the 
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whole animal- -a movoiiu'ut that not only pre- 
pares the creature for advancing further into 
the soil, but, by swelling out the antcrioi- seg- 
ments, forcibly dilates the passage into which 
the head had been ahv'ady thrust ; the spines 
upon the hinder rings then take a firm hold 
upon the sides of the liole thus formed, and, 
preventing any retrogiude movement, the head 
is again forced forward through the jdelding 
mould, so that, by a repetition of the process, 
the animal is able to advance with the greatest 
apparent case through substances which it would 
at first seem utterly imijossiblc for so helpless 
a being to penetrate. 

(598.) The alimentary canal of the Earth- 
worm is straight and very capacious. Its great 
size, indeed, is in accordance with the nature 
of the materials employed as food ; for it is 
generally found distended with earth; and by 
the older ^lysiologists these creatures were re- 
garded as affording proof that the nourishment 
of animals was not exclusively derived from 
animal and vegetable substances, since in this 
case they supposed nutriment to be obtained 
from matter belonging to the mineral kingdom. 
This supposition, however, has been long since 
exploded; for it is not from the earth that 
nourishment is afforded, but from the decaying 
animal and vegetable particles mixed up with 
the soil taken into the stomach ; so that the 
exception to the general law of nature sup- 
posed to exist in the Earthworm has no founda- 
tion in truth. The, whole intestinal tract of 
one of these animals is represented in fig. Ill: 
it consists of a wide oesophagus which termi- 
rates in a crop-like dilatation; to this succeeds 
a muscular gizzard (/:), and a long sacculated 
intestine ( 1 1 ) that passes in a direct line to 
the anus. 

(599.) In the Earthworm, says Dr. ^¥illiams, 
the chylaqueous fluid is almost entirely buj)- 
pressed, and the visceral cavity obliterated. 
This vulgar worm, however, does not breathe on 
the atmospheric, but on the aquatic principle. 
It dies rajudly in perfectly drj" places. Its cu- 
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tancous surface is the scene of a dense plexus of hlood-proper vessels. 
It is always cnMdoped in a stratum of viscid fluid, whieli is rcmarlsablo 
for the property of absorbing and dissolving atmospheric air. Tliis air, 
brought thus into immediate and intimate contact with the surface of 
the body, operates directly upon the blood-proper circulating in the 
cutaneous plexus. In tlie Abrancliiatc Annelids, as in many of the 
Tubicola, the alimentary canal is always profusely supplied with a vas- 
cular tissue wliich shares in the respiratory process, and may be regarded 
as a species of intestinal respii'ation. 

(000.) Tlie circulation of the blood in the Fig. 112. 

tcrrict)lous Anncliclans has been the subject of 
much discussion, and until recently was but very 
imperfectly understood. In the Earthworm there 
arc three principal trunks connected with the 
vascular S 3 'stcTn^, the arrangement of which is 
represented in the annexed diagram (fig. 112). 

First, a dorsal vessel (a) runs along the whole 
length of the back, in close contact with the in- 
testine (fig. Ill, 0 o), upon which it lies; this 
vessel is tortuous, and exhibits constant move- 
ments of contraction and dilatation, whereby the 
blood is propelled in continuous undulations from 
the tail towards the head. Two other largo 
vessels occupy the ventral region of the body : of 
these, one (fig. 112, 6), which we shall call the 
ventral vessel^ runs immediately beneath the ali- 
mentary tube, while the other, that is situated 
close under the skin, and consequently beneath 
the ventral chain of ganglia composing the ner- 
vous system, by which it is separated from the 
last, may be distinguished as the suh~ganglionlc 
vessel. These three great trunks arc united by 
important branches, and form two distinct 
systems, — one of which is deeply seated, being ^ 
distributed to internal viscera ; the other is su- 
perficial, giving off innumerable vessels to the 
integuments of the body, and these, by ramifying 
through the skin, form an extensive vascular h d ./ 

surface adapted to respiration, 

(001.) The ventral vessel (/<), like the dorsal («). 
may be traced quite to the anterior extremity of 
the worm, where numerous small anastomosing branches unite the two 
trunks ; but those inosculations arc of little conse(jucncc in describing 
the circular movement of the blood, — a more important communication 
^ M. Dugee, Ann. des Sci. Nat. vol. xv. 
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being established, through which the blood passes freely from one to the 
other, by the intervention of seven or eight pairs of large canals, situated 
in the immediate neighbourhood of the generative apparatus, with which 
indeed they are interwoven. Each of these voluminous vessels {d) is 
composed of a series of swellings, or rounded bcad-lilco vesicles, endowed 
with considerable contractile power ; and they form together a kind ot 
heart, of remarkable construction, which propels the blood received from 
the dorsal trunk into the ventral tube (&)*. 

(602.) Along the rest of the body, the communication between the 
dorsal and ventral tmnks is repeated at each ring by canals, which are 
much smaller than the bead-like or moniliform vessels, and have no 
vesicular arrangement; they (tig. 112, g and e) run perpendicularly u])- 
wards, embracing the alimentary canal, and gi\dng off branches at right 
angles, which divide into innumerable ramifications, so as to cover the 
whole intestine with a delicate vascular network ; these may be called 
the deep-seated ahdomino-dorsal hmnehes. 

(603.) The sub-ganglionic vessel (c) may be looked upon as arising 
from the termination of the dorsal vessel, with which it is evidently 
continuous at the anterior extremity of the body. At the posterior 
edge of every segment a delicate branch is given off from this sub- 
ganglionm tube (/), which, running upwards in the same manner as 
those derived from the ventral trunk, joins the dorsal, and receives 
in its course a large anastomosing branch from the deep ahdomhw- 
dorsal canal that corresponds to it. From this system of superficial 
vessels arises a cutaneous network, which traverses the skin in all di- 
rections. 

(604.) Let us now trace the blood in its circulation through this 
elaborate system. In the dorsal vessel (a) the sanguineous fluid passes 
from the tail towards the head ; at the anterior extremity of the body 
it passes partly into the sub-ganglionic vessel (c), through the anasto- 
mosing branches, and partly into the ventral vessel (b), into which it is 
forcibly driven by the contractions of the moniliform canals. In both 
the ventral and sub-ganglionic trunks, therefore, the course of the blood 
is necessarily from the head towards the tail ; and the circulating fluid 

* The moniliform character which these vessels exhibit is produced by the process 
of dissection. If, in the ordinary way, a longitudinal dorsal incision is made, and 
tlio two halves bo then separated and pinned down, the vessels under such tension 
are sure to assume a moniliform outline, that is, one part will dilate and the other 
contract, and so on successively throughout the whole length of the vessels : the di- 
lated portion will bo filled with blood, and the contracted will bo empty, and the 
beaded figure will bo perfect. If, however, a more careful mode of opening the 
worm be adopted, dividing, by means of fine scissors, the membranous segmental 
partitions, and laying gently open the integuments, these vessels will present a per- 
fectly smooth outline : if, now, one of them be seized with the forceps and slightly 
pulled, it will become irregularly knotted, or moniliform. Muscular fibres, chiefly 
circular, are present in their parietes, and it is to the uneven action of these elements 
that the beaded form is attributable. — ^Dr. Williams. 
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is continually returned to the dorsal canal by the de^p and superficial 
abdomino-dorsal vessels (e, f, g), completing the vascular circle. 

(605.) On reviewing the above arrangement, wc immediately perceive 
that, notwithstanding the similarity observable in the distribution of 
the ventral and sub-ganglionic systems of vessels, in a physiological 
l)oint of view they are subservient to very different functions — the 
former representing the systemic, the latter the pulmonary circulation. 
The blood derived from the dorsal trunk by the moniliform hearts {d) 
is supplied by the ventral vessel (which may bo compared to an aorta), 
over the surfaces of the viscera ; and the remnant of this blood, after fim- 
nishing materials for nutrition, is returned to the dorsal canal by the 
deep vessels {e, g) ; but that portion of the circulating fluid which passes 
from the termination of the dorsal tube into the sxih-gangllomc trunk 
not only serves for the nourishment of the skin and muscular integu- 
ment, but at the same time is brought in eontact with the air as it 
passes through the cutaneous network, and is thus more or less re- 
plenished with oxygen before it is again returned to the general circu- 
lation. The sub-ganglionic canal is therefore a kind of pulmonary 
artery, and the dorsal drives to the moniliform vessels a mixed fluid, 
composed partly of venous blood derived from the viscera, and^^tly of 
arterial derived from the superficial or sub-cutaneous system, 

(GOO.) Consequently in the Lwrxhrici the primary longitudinal trunks 
are similar in number and disposition to tliose of the Leech, and 
the direction of the blood-current is almost the same. The intestine 
in the Earthworm (in this respect distinguished from the Leech) is only 
tied to the integuments at the intcranmdar points, the intervals or 
segmental spaces being left as chambers (fig. Ill, vv) containing a 
small (juantity of viscid corpusculated fluid, which is the peritoneal fluid 
of this worm. The interposition of a fluid stratum in this part involves 
other anatomical modifications, which still further separate the organi- 
zation of the Earthworm from that of the Leech ; the spongy vessels 
dcsciibed above as occupying this part in the latter are absent in the 
former. 

(GOT.) Superadded to the primary median blood-channels (fig. 113, 
rt, hj Cf d), a minor lateral system, founded upon the latero-abdominal 
trunk, may be demonstrated in the Earthworm as in the Leech : in all 
essential p[irticulars, in the two cases, the main trunk of the system and 
its branches arc the same. 

(608.) Few points connected with the history of the Earthworms 
have given rise to so much speculation as the manner of their repro- 
duction. The generative organs have long been known to bo lodged in 
the antoiior part of the body, their position being indicated externally 
by a considerable enlargement or swelling that extends from the seventh 
to about the fourteenth segmemt, counting fiom that in which the mouth 
is situated. On opening this portion of the animal, a variable number of 
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white masses are^ found, attached to the sides of the crop and gizzard 
(fig, ; these have long, by general consent, been looked upon 

as forming the reproductive system — some having been regarded as 
representing the testes, others the ovaria : yet so delicate are the con- 
nexions which unite these glandular masses, 
and such the difficulty of tracing the ducts Fig. 113. 

whereby they communicate with the exterior 
of the body, that the functions to which they 
arc individually appropriated have given rise 
to much discussion. The Lumbrici have 
been generally acknowledged to be herma- 
phrodite, that is, possessed of organs adapted 
both to the formation and fertilization of 
ova ; and it is likewise well understood that 
tho congress of two individuals is essential 
to the fecundity of both, as, in the earlier 
summer months, the mode in which they 
copulate is a matter of constant observation. 

At such times tw’o of these animals are found 
to com(^artially out of the ground from con- 
tiguous holes, and, ap^dying together those 
segments of their bodies in which the gene- 
rative glands are situated, are observed to 
remain for a considerable time in contact, 
joined to each other by a (quantity of frothy 
spume which is poured out in the neighbour- 
hood of the sexual swellings. No organs of 
intromission, however, have ever been di- 
stinguished ; neither, until recently, had the 
canals communicating between the sexual 

1 1 j- 1 • of cimilation in an 

onnees and the testicular or ovarian masses Earthworm. (AiicrUr.WiiiiamH.) 
been satisfactorily traced ; so that Sir 

Everard Home* was induced to believe that, in the kind of intercourse 
above alluded to, there was no transmission of impregnating fluid from 
Cine animal to the other, but that the excitement produced by mutual con- 
tact caused both the ovaria and testes to biu’st, so that the ova escaping 
into tho cells of the body became there mingled with the spermatic 
secretion, and being thus fertilized, were hatched internally, and the 
young, having been retained for some time in the cells between tho in- 
testine and the skin, were ultimately ejected through apertures supposed 
to exist in the vicinity of tho tail. 

(flOO.) According to M. Hugest, the arrangement of the sexual parts 
is represented in the diagram, fig. 114. The testicles (/>) are placed 
in successive segments of the body from the seventh backwards ; they 
* Lcctuj*t!s on Cojni). Aimt. vol. iii. t Ann. dcs Sci. Nut. vol. xv. 
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Pig. 114. 


vai y in nnniber in different individuals, from two to seven ; but whether 
thi.s variety depends upon a difference of species, or is only caused by 
the posterior pairs becoming atrophied when not in use, is undetermined. 
Each testis is fixed to the bottom of 
the ring in which it is placed by a 
short tubular pedicle that opens 
externally by a very minute pore, 
through which a milky fluid can be 
squeezed. The testicular vesicles of 
the same side of the body all com- 
municate by a common canal; and 
the contained fluid, which, like the 
seminal secretion of other animals, 
contains sperniatozoids, can readily 
bo made to pass from one to another. 

(010.) The ovaria (c) arc eight 
largo white masses, of a granular 
t(‘-xture, from which arise two deli- 
cate tubes or oviducts ; these have 
no connexion with the testes, but, 
running backwards, they become di- 
lated into two small vesicles at their 
iermination (d), and open by two 
apertures or vulva) seen externally 
upon tlic sixteenth segment of the body ; in these ducts, eggs have been 
deteet('d as largo as pins’ heads. 

The following is Dr. Williams’s account of this mysterious appa- 
ratus^" : — 

((ill.) The generative system of the Earthworm is situated in tlie 
imiiK'diate vicinity of a thickened ring or band, bounded by abru])t 
limits, which implicates six or eight of the annuli of the body. This 
thickening, when closely examined, is found to depend u])on an extra- 
ordinary development of the cutaneous follicles. On the abdominal 
aspect of this thickened portion suctorial cujjs are formed, by aid of 
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whitjh, diming the congress of two individuals, mutual contact is main- 
tained ; but the generative segments intenuilly have no relation with 
this suctorial ring of integument, nor has this latter part anything 
to do with the true genitalia. It is, like the thumh of the Prog, a 
mere provision for the mutual ajiposition of two individuals. The en- 
larged follicles of this cutaneous ring, moreover, discharge another func- 
tion — they suj)ply the peculiar glutinous secretion which aflbrds a pro- 
tecting capsule to the ova as they escape from the body. 

(G12.) Every ring in the body of this worm (except a few at the head 
and tail) contains two ‘ segment organs,’ one on either side of the intes- 


* Phil. Trans. 
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tino ; they are convoluted and tubular, arising from the ventral aspect of 
the general cavity near the median line, curving upward around the 
intestine, and terminating in a fan-shaped ciliated extremity, which is 
bridled to the septum near its dorsalmost edge. Those segmental organs 
which are situated anterior to the gizzard are very much larger and 
more distinct than those that arc placed behind it. 

(613.) The season of the year and the state of the weather have much 
to do with the condition in Avhich these organs arc found. All the speci- 
mens upon which the following examinations were instituted were taken 
in the months of July and August, from a rich, loamy, highly cultivated 
garden soil. This fact it is material to know, since nowhere in tlie 
ordinary fields and meadows docs this worm attain the same sizci and 
plumpness. The generative nisus docs not seem to reach its climax 
until the worm has arrived at a certain period of age and fulness of 
growth, so that, out of a hundred specimens, only ten or fifteen may be 
found in that condition which is required for the successful prosecution 
of these researches. 

(614.) In Limbricus terrestris, each ring of the body is divided from 
the adjacent ones by membranous partitions, which either completely 
or par^lly isolate the fluid contents of each annular space. It is pro- 
bable, nowever, that the fluid of the general cavity freely oscillates from 
one extremity of the body to the other, through perforations in the 
septa. But whether the spaces be isolated or not, the ‘ segmental 
organs* which they contain have no connexion whatever with one 
another. The following account is descriptive of aU those which are 
situated posteriorly to the proventriculus and the generative region. 

(615.) The tube which connects the free extremity with the fixed 
end is extremely convoluted, and thickly intermixed with vessels. This 
intermediate tube is divisible into three distinct portions. First, a 
smooth-walled membranous part, which extends from the umbrella- 
like termination to the camerated or cellular portion, which is vigorously 
ciliated in its interior. The ciliary current sets from the free end, in 
the direction of the fixed end. The next division of the tube extends 
from the termination of the smooth membranous part to the commence- 
ment of the third stage : this portion is not ciliated ; the walls bulge out 
into lateral cells. The segmental organ in this portion is inextricably 
blended and matted up with blood-vessels. The fourth division of the 
tube stretches from the end of the celled portion to the commencement 
of the muscular part : this again is strongly ciliated ; its walls are thick 
and contractile. The last, outermost, or dilated portion, bounded ex- 
ternally by the attached end, is almost invariably, in the months of July, 
August and September, crowded with the ova and young of a Nematoid 
Entozoon, which might easily be mistaken for the ova and young of 
the Earthworm, — an error into which Dr. Williams himself fell during 
his earlier researches. This dilated muscular portion of the segmental 
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oro;aii is not ciliated internally, but its walls are capable of contracting 
vcrmicularly or poristaltically. 

(616.) The vascular system in connexion with this apparatus is at 
certain seasons extraordinarily developed. When present under the 
most evident circumstances, it may be described as consisting of throe 
parts. First, of two or three large vessels, which curve upwards from 
the ventral to the dorsal trunks. These vessels thus fonn a framework 
by wliich the slender ciliated tube is held vertically in situ, they them- 
selves being vertically disi)oscd. 

(617.) lletwi'cn the primary vertical tninks extend a vast multitude 
of secondary branches, which fiu'ther subdivide to form a dense plexus 
of smaller vessels, in the meshes of which the ciliated tube is entangled. 
At certain seasons and conditions of growth, a dense mass of florid blood 
is attracted to and retained in the region of the segmental organs. It 
is contained at these times, not in ordinary cylindrical vessels, but in 
capacious lateral coecal branches, terminating in large, bulbous, pear- 
shaped extremities, evidently constituting a special provision, the nature 
of which still remains a matter of conjecture. 

(618.) The seooual system of the Earthworm we have already found to 
be centred in a particular region of the body, indicated by the tWekenod 
glandular collar above alluded to, which, however, on close exammation, 
is found to be situated several segments posterior to the generative 
masses contained within. 

(619.) Now, in studying the visceral contents of each ring within 
the limits of the generative region, it will be best to proceed from be- 
hind forwards. The dissector thus comes first upon the largest and 
most prominent of all the generative masses. They are testes, as may 
be proved by a microscopic examination of their contents. They have 
a white, glittering, oily colour. In figure they are intestiniform, the 
coils, of which there arc two or three, being tied together by a kind of 
mesenteiy and enclosed in a membranous capsule. Those two testi- 
cular masses, which lie across and fill up several rings, may be traced 
Avith perfect clearness to comparatively narrow peduncles, which, when 
minutely and successfully dissected, wiU be found to connect themselves 
intimately with the roots of the eiliated tubes or special segmental 
organs of the same annular spaces ; or, in other words, the tube and the 
peduncle of the testicular mass have a common outlet. Tliis outlet 
cannot be detected on the external surface of the worm ; it is far too 
minute and closely contracted ; but its position may be clearly ascertained 
by the termination, internally, of the ciHated tube, proving, according to 
the views of Dr. Williams, that the generative gland is an outgrowth 
from, and organically the development of the ' segmental organ.’ The 
two eiliated tubes, one on either side, which are contained in this tes- 
ticular ring, differ in no respect from those of the non-generative rings 
but in that of size. They are considerably larger than the latter. 
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(G20.) The second generative annulus in the order mentioned is ex- 
clusively ovariiin, and it is not difficult to see that tlu^ mass and th(^ 
base of the ciliated tube run together, and become blended into one 
structure. The most minute dissection fails to isolate the diud Avhich, 
it may be supposed, letids from the ovary ; but, as in the case of the tc'stt's 
behind, it is certain that the gland and the tuht' must ha\'c a common 
outlet. The ovary is considerably smaller than the testes ; its capsule 
is more dense and vascular, and its interior structure is much more 
copiously supplied with blood. 

(021.) In the common Earthworm the second, third, and fourlli g('- 
nerativc segments are ovarian, each being anatomically only a repdition 
of the other ; all are constructed upon the same plan. 

(022.) The fifth segment, from behind, is agiiin testicular, exadly 
resembling the first, so that the fii*st and the last segments in this re- 
gion I'lro testicular, the three intermediate ones being ovarian. 

(023.) The ovaria of Lumbricus arc much more transient in their 
duration than the testes ; the latter, in a certain condition, tare always 
present at every season of the year, the former only in the summer 
months. The ova, while yet in the ovaria, are beautifully clear trans- 
parent cells. In August and September they seem to consist of nothing 
but gcfiiinal vesicles ; afterwards appear the germinal spots^ and then 
the rudimentary vitellus. At a subsequent stage, just before their extru- 
sion from the body, they become covered with a cocoon or characteristic 
capsule, each capsule containing many ova. This capsule is a compound 
of chalk and mucus. In the median line between the ovaria there are 
situated two or fhoro glandular bodies, the contents of which, under the 
microscope, are found to consist of nothing but carbonate of lime — 
doubtless the source of the chalk. 

(024.) Both ill the ovarian and testicular segments there are sacculi 
attached to the bases of the segmental organs, which in the former 
case serve as receptacles for the ova {vitellana), and in the latter as 
receptacles for the semen. In one case the ova acquire their calcareous 
capsules; in the other the sperm-cells become developed into active 
spermatozoa. 

(625.) The eggs, when laid, are said by Duges to bo two or three 
lines in length. In fig. 115, a, one of them, enclosing a mature em- 
bryo, is delineated ; its top is seen to he closed by a peculiar valvc-like 
structure adapted to facilitate the escape of the worm, and opening 
(fig. 115, b) to permit its ogress. Another remark.ahlc circumstance 
observable in these eggs is that they very generally contain double 
yelks, and consequently two germs ; so that a couple of young ones are 
produced from each. 

(026.) It is very generally believed that the Earthworm may be 
multiplied by mechanical section, the separated portions reproducing 
such parts as are removed in the experiment, and again becoming perfect. 
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Careful cxporinionts, niado to ascertain how far the statements of former 
authors ni)on this subject might he substantiated, prove that the assertion 
is not entindy without foundation, al- 
though by no moinis to the extent indi- 
cated in tbeir writings. It would, indeed, 
be easily credited tliat the removal of the 
hinden* part of the body of an Earthworm 
would not ncc(!ssai-ily destroy the anterior 
portion, since no oi’gans a1)solutely essen- 
tial to existences are removed by the opera- 
tion, and even the course of the circulating 
fluids would not be materially inter- 
rupted by the mutilation ; but that the 
hinder moiety should be able to repro- 
duce the mouth, gizzard, and stomach, 
the complicat(?d apparatus of monilifomi 
vessels, and the sexual organs, contained 
in the anterior segments, could scarcely 
be deemed possible ; and the assertion has 
been satisfactorily disproved by actual ob- 
servation. On cutting an Earthworm in 
two, the anterior portion is found, in fact, 
generally to survive; and the wound 
caused by the operation, becoming gradu- 
ally constricted, is soon converted into an 
anal orifice, rendering the animal again complete in all parts necessary 
for its existence. This, however, is by no means the case with the 
posterior portion ; for, although it will exhibit for a very long period 
indications of vitality, no signs of reproduction have been witnessed, 
and it invariably perishes. 

( 627 .) Nevertheless, although it is thus proved that tlio Earthworm 
cannot be multiplied by mechanical division, it is stated to bo able to 
reproduce small portions of its body the removal of which docs not im- 
plicate organs essential to life. In the experiments of M. Duges, for 
example, it was found that four, or oven eight of the anterior rings 
might be cut off with impunity, although the cephalic pair of ganglia, 
the mouth, and a part of the a3sophagu8 were necessarily taken away. 
In worms thus mutilated, after tho lapse of from ten to thirty days a 
conical vascular protuberaneo was observed to sprout from the bottom 
of the wound ; and in eight or ten days later this new part had become 
so far developed, that not only all the lost rings were apparent, but 
even the ui7j)cr lip and mouth had assumed their normal form, and the 
animal again began to eat and bury itself in the earth. 

(628.) The experiment of artificially bisecting the body of an Earth- 
worm, replacing the divided halves with care again in their native 
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habitats, invariably, in the hands of Dr. Williams, led to the following: 
results : — ^The' cq)liaUc half, by tliis division of the body, docs not lose 
the power of locomotion. In a few days after tlic operation, it be gins 
to grow less active and vigorous in its movements, and the annulus at 
the point of division begins to contract and wither; in the coui'se of a 
few more hoiirs it dies — it mortifies away. This process of dissolution 
creeps, in the direction of the head, from one segmental ring of the body 
to another, until, finally, the cephalic remnant ceases to manifest any 
signs of life. 

(629.) The tail-half immediately loses the power of advancing ; it 
writhes on one spot, and that only in contact with some external body ; 
its motions become ea^cited, not voluntary/ ; it never ro-aequires the 
power of swallowing earth. The process of decay begins much sooner 
than in the cephalic half, and extends in the direction of the tail, im- 
plicating one ring after another rapidly, until the whole perishes. 

(630.) The little lively Naides, although tcrricolous in their habits 
like the Earthworm, are very dissimilar in organization. 

(631.) In Nais JiUformis, so abundant in the freshwater pools of 
this country, the anatomist is presented with a favourable opportunity 
of resolving the problem of the circulation. A living specimen placed 
betweeit'two slips of glass, from the perfect transi)aroncy of the integu- 
ments, will exhibit to the eye in a perfect manner all the circulating 
movements both of the vessels and of the blood. In Nats, the large 
dorsal vessel (fig. 116, a) is first seen travelling wavingly along the 
dorsum of the intestine as far as the heart, which corresponds in situa- 
tion with the intestinal end of the oesophagus. This vessel is cnvolo])ed 
by the glandular peritoneal layer of the intestine, while the coats of the 
ventral vessel are clear and transparent : the dorsal vessel is endowed 
with parietes of greater strength and density than the ventral. Each 
of these vessels dilates into a fusiform heart (fig. 116, a', ?>'), situated on 
cither side of the oesophagus. These hearts, >vhicli are joined togctlicr 
by transverse vessels, pulsate altermtely and with exact regularity. 
In the dorsal vessel the blood moves forwards from the tail as far as 
the dorsal heart ; thence it descends into the ventral heart, by which it 
is now propelled, chiefly in a backward direction, partly through the 
main ventral trunk, and partly through tho inferior intestinal. The 
other portion of the blood conveyed by the great dorsal vessel into tho 
ventral lieart {h') passes forwards as far as the head, where its moving 
power is again reinforced by a cardiac dilatation, which now impels the 
current from before backwards through a superior oesophageal trunk 
into the dorsal heart {a'), by which organ the blood received from tho 
region of the oesophagus and coming from tho head, as well as that 
received from the great dorsal and coming from the tail, is urged down- 
wards into the ventral heart, and thence, chiefly in the direction of the 
tail, through the ventral and intestinal trunks (f,e); this latter there- 
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fore is the true systemic heart. At the oesophageal end of the body, 
tlio two ])i’imary trunks, dorsal and ventral, are connected together by 
means of a remarkable class of vessels (ffyg), which in this region pro- 
ceed at successive points from the dorsal oesophageal, and wliich maybe 
traced in long coils, without division of the vessel^ floating in the fluid of 
the peritoneal cavity. Posteriorly to the heart-centre these vessels 
emanate from the dorsal intestinal, and correspond precisely with those 
branches from the same vessel wliich in Arenkola piscatorum proceed 
to supply the branchial arbusclcs. In Nais, therefore, partly from this 
analogj% but chiefly from their anatomical relations, bathed by and 
floating in the chylaqueous contents of the peritoneal cavity, the phy- 
siologist can experience no difficulty in dedicating these coiled vessels 
to uses very definite. First, it cannot be doubted that they absorb from 
this fluid the elements by which the blood-proper is formed and reple- 
nished ; and secondly, it is in the strongest degree probable that the 
true blood is in great part aerated through the agency of these vessels 
upon the gaseous elements contained in the peritoneal fluid. They 
constitute the special branchial system (internal 
branchijE), while they discharge incidentally an 
absorbent funcjtion. In the movement of the 
blood, then, in Nais as in Lumhricus, there are 
disccrni])lo only two leading directions — one 
forward in the primary and intestinal dorsal 
vessels, the other backward in the primary and 
intestinal ventral. It is not possible to trace 
the blood into the capillary parietal system of 
the intestine, in consequence of the transpa- 
rency of the stream when thus minutely sub- 
divided. In Nais there is also an integumentary 
system which intervenes between the two pri- 
mary (dorsal and abdominal) trunks («,/), 
ramifying in the substance of the integuments, 
upon which, in part, a respiratory function may 
devolve. 

(632.) The generative system of the Nais, 
as delineated by Duges, presents a very dif- 
ferent arrangement to that which exists in the 
Earthworm. The swollen part of the body, in 
which the sexual organs ai'o placed, occupies a 
space of five or six rings, beginning at the 
eleventh. On each side of the eleventh seg- 
ment is a minute transveme slit (fig. 117, ft) 
communicating with a slightly-flexuous canal pian of circulation in 
which tciminatcs in a transparent pyriform (After Dr. williams.) 
pouch or vesicle. The latter conttiins a clear fluid, wherein minute 
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vermiform bodies are seen to float, and most ])r{)l)ably represents ilu' 
testis. The twelfth segment likewise exhibits two opt'iiings, caeh ])l:iced 
upon the centre of a little nipple (r) : these ar(' the oritice.s h'ading to 
the female portions of the sexual system. 1 17 

The ovaria (d, a) are composed of four large 
and several smaller masses of a granular 
character ; and from them proceed long and 
tortuous oviducts, which, just before their 
termination at the lateral openings (c), 
bc(;ome thick and glandular. These animals 
most likely copulate like the Earthworm, 
and lay their eggs in a similar manner. 

Wo have already seen, in the Liimhrkm 
terrestns, ova containing two yelks, and 
consequently giving birth to two ani nulls : 
hut in the Nals every egg produces ten or 
a dozen young ones * ; or perhaps we ought 
rather to say that what appears to bo a 
single egg is in fact merely a capsule en- 
closing ^veral distinct ova, from which a 
numerous progeny arises, llie manner in 
which these compound eggs arc formed is 
easily understood when we consider the 
structure of the oviduct described above. 

The granular germs escape, no doubt, sepa- 
rately from the ovaria, and remain distinct 
from each other as they pass along the 
tortuous canal that leads to tho external 
opening; but at length arriving at the 
thick and glandular portion (r) of the ovi- 

gerous tube, several of them become en- 

. . Generative organs of iV«w. 

closed in a common investment secreted (After Duges.) 

by tho walls of the oviduct, and are expelled from the body with tho 
outward appearance of a simple egg. 

The account of the reproductive s)^stom of the Nakles given by Dr. 
Williamsf is as follows : — 

( 63 o.) In Nats serpentina, which may be taken as tho type of the 
genus, two of tho ‘ segmental organs ’ arc present in every ring of tho 
body, one on either side of the intestine. Each organ commences (oi*, 
if the course of the contained current be considered, ends) in a single 
external orifice. At its free internal extremity it is held in a determi- 
nate position by means of bridles of delicate threads. By the action of 
large and vigorous cilia, a strong current of fluid is drawn into this open 
mouth. From tho form and structure of the trumpet-shaped extremity, 

* Diigee, Ann. des Sci. Nat. vol. xv. f Phil. Trans. 1858. 




GENEEATIVE SYSTEM OF NAIS. 

as well as from tlie setting of the ciliaiy currents at the mouth and base 
of the tube, it seisms beyond the possibility of a doubt that these organs, 
in this ordinartf state, subserve the function of discharging externally 
tlie fluid contained in the general cavity of the body ; nevertheless, from 
tlieir small diameter, it would appear that they are not capable of con- 
vej'iiig externally either the normal corpuscles of the chylaqueous fluid 
or the spermatic products. The preceding description applies only to 
the ^ segmental organs ’ distiibiitcd throughout that part of the body of 
the worm whi(di is situated behind the reproductive mass. 

(0;j4.) It now remains to investigate the claims of this organ to a now 
and hitherto uiUhought-of relation with the generative or reproductive 
structures ; for in this worm two, or possibly more, of these segmental 
organs on eithe r side of* the body undergo a remarkable increase of size 
and variation of form. 

(C)li5.) In Ards it often happens that only one on either side is thus 
cvoh’cd. At some seasons, however, especially when the weather has 
continued for some time warm and dry, individuals may be found in 
whi(di two on each side have undergone a marked development ; gene- 
rally, however, two segmental organs only, the one being developed 
into the male, the other into the female moiety of the remjoductive 
system, are necessary to the generative maturity of the indivuTual. 

(036.) The two segmental organs which form the basis of the repro- 
ductive masses are observed, even on the first view, to bo very similar 
in general outline to those which aro repeated in every ring of the body, 
with which indeed they aro identical, differing only in size and in the 
shape of some of their parts. The dilated portions correspond with the 
equivalent parts of the other organs ; and the umbrella-like extremities, 
which aro the same in form on the ovarian and testicular sides, aro the 
counterpart of the free ciliated ends of the ordinary organs. The inter- 
mediate ciliated tubes aro specially distinguished only by their greater 
length and thickness. It is a difficult point to settle the mode in which 
the generative masses aro related to the ciliated tubes ; it may, however, 
1)0 constantly seen that the ovarian mass moves to and fro with tho 
dilated portion of the tube. It is impossible to detect the opening by 
which the ova arrive in the interior of tho iitrmdus of the tube ; that 
they do get there, however, is certain. Erom this portion of the tube 
they escape by the external orifice. 

(037.) The teslas on the other side bear tho same relation to the tube 
as tho ovary. Tho utriculus uj)on one side is represented by tho ejacu- 
latory pouch on tho other. At present it is beyond the power of science 
to explain why these organs, in only one or two annuli of the body, 
should bo implicated in tho sexual development, while all the rest 
remain in abeyance in the condition of mere ^ cxcrctionary tubes’; or 
why tho ciliated tube of one side should be changed into the female 
system, and that of the other into the male. 
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(0.‘I8.) Besides the ordiuuiy mode ol' propagation by ova, it has long 
been asserted that some of the Annelida, at least, arc^ reproduced by spon- 
taneous division. Bonnet, Midler, and Buges all agree that this is 
the ease with certain species of and in iVu/s Jllifonais the process 

of separation has been witnessed from its eommeneeinont to its ti'ruii- 
nation. The division was said to occur near the middle of tlu^ body of 
the animal, the posterior half remaining motionless upon the mud of the 
bottom of the vessel, whilst the anterior portion himhid itself as usual : 
after some days the truncated extremity of the hinder part was observed 
to become swollen, transparent, and vascular, and ultiimatidy to assnine 
the complete structure of the mouth of the perfi'ct animal ; it then 
buried itself in the mud, and no doubt there completed its develop- 
ment. 

The follo^v^ng is what Dr. AVilliams conceives to he the interpretation 
of the above facts : — 

(bdd.) Every JS^ais, as relates to its reju-oductivo apparatus, is identi- 
cally constitutcid, and this worm is consequently androgynous. J^A'crt/ 
individiKtl, towards the latter end of the summer, dies by the bisection 
of its body. It is not tnic, as reported by Diiges, and before him by 
Spallanzani, that the fragments into which the body of each worm be- 
comes reWved are again reconstructed into a perfect whole. Although 
the sexual system exhibits a tendency to segmental repetition, there 
devolves upon the large anterior portion, described by Duges, a special 
function which the rest cannot perform ; and, on the contrary, a duty 
falls on the posterior segmental units of the system which the anterior 
cannot discharge. It is consequently evident that neither of the moieties 
into which the body is resolved during the crisis of the reproductive 
season can be organically perfect. Such fragmentary organism is want- 
ing in elements paramountly essential to individuality. 

(640.) These Annelids arc annuals : the term of existence is completed 
when the organic cycle is once accomplished. They arc born during the 
latter months of one summer, and survive the winter, attain to the 
matqrity of growth, reproduce the species, and die by the spontaneous 
subdivision of the body into fragments on the arrival of the same season 
of the succeeding year. This brief round comprehends the history of 
each individual. Since these worms arc monoecious, each shares the 
common fate. Each contributes by its own death to the multiplication 
of the species : the species being multiplied, the ends of its own exist- 
ence are accomplished. 

(641.) For some time before the fissure of the body occurs, the process 
of the maturation of the ova is proceeding. Arrived at the matured 
phase, they escape from the ovarian 8y.stem into the free space of the 
peritoneal cavity, wherein they sojourn until the next phase of their 
growth has been attained. It is during the period marked by the 
presence of true ova in the chamber of the peritoneum, floating in the 
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contained flnid, tliat the division of the body of the parent animal lakes 


place. In eaek fragment is 
therefore ineuhated a consi- 
derable iinmber of ova. Filled 
still by tlu^ llnid of the peri- 
ton ejil cavity, eacdi fragment 
be(*.omcs subservient to the 
end of haleliing the young. 
It resists deeomjiosition only 
during tlio peniod required for 
the aceoniplisliinent of this 
purpose;. Wk'ii the ova are 
(‘ommitted to the sand, the; 
fragmemt rapidly disappears 
by putrcfa(;ti()n. The fissure 
of the body, thus interpreted, 
becomes the last act of the 
parental worm, since the ])or- 
tions into which the body is 
subdivided by fissure never 
take food. With the fissure 
the necessity for food termi- 
nates. If, on the contrary, 
the division of the body were 
the first step of a real re- 
productive operation, charac- 
terized by the superaddition 
of new segments to the body, 
each fragment should grow 
voracious and consume extra 
supplies of nourishment in 
order to provide the necessaiy 
pabulum for the reparation 
of mutilated parts. As this 
is not the fact, the inference 
is clear that the division of 
the body is not the prelude 
to a scries of reconstructive 
operations by which are 
made wholes/^ ot mutilations 
repaired. 

( 642 .) DoilSIBRANCniATA. — 
In the second order of the 
Annelidans the respiratory 
apparatus consists of nume- 


Fig. 118. 
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rous vascular tufts, a pair of which arc appended to the out er surface ot 
every ring of the body, or, in some eases, only to a few of them. The 
organs of locomotion, which arc attached to each segment, assume various 
forms, but arc generally composed of short moveable s])ines, or pachets 
of retractile bristles, usiuilly destined to perform the office of oars. In 
the annexed tlgurc (fig. 118,1), which represents Laochcca antemuda, the 
general form of these animals is well seen, as is the most usual ari’ange- 
mont of the branchial tufts and locomotive seta). In fig. 118, 2, showing 
an imaginary transverse section of one of the segments, the rehiii\'e 
positions of the oars (c, (Z, e) and of the branchial appendages (Z>) ai’o 
likewise indicated. 

(643.) Hut the organs of respiration in the Dorsibranchiatc Anne- 
lidans arc not always arborescent; on the contrary, they are not unfre- 
quently spread out into thin membranous lamella), or resemble fleshy 
crests or vascular tubercles : still, whatever their form, their office is the 
same ; and the vessels spread over them presenting an extensive surface 
with which the water is brought in contact, the blood is oxygenated 
as it 2 )assos through them. 

(644.) The second class of organs to be enumerated as entering into 
the composition of the lateral appendages are soft, fleshy, and subarti- 
culated p^ccsses called cirri (fig. 118, 2,o, e) ; these are generally two 
in number, and belong one to the ventral and the other to the dorsal 
oar : their precise office is not weU understood ; but as in some of the 
segments, especially in the neighbomliood of the head, they assume a 
tentacular form, they have, with much probability, been regarded as 
instillments of touch. 

(645.) The seUe (fig, 118, 2 , d) are, perhaps, the most efficient agents 
in progression. These arc long and stiff hairs disposed in bundles and 
implanted into strong muscular sheaths. Each packet of setsc can bo 
retracted within the body to a certain extent, and again i)rotrudcd by 
the action of the tubular supports from which tliey arise ; and being 
capable of independent action, these organs must be looked upon as so 
many powerful fins, well calculated to jiropol tlie creature through tlie 
clement it inhabits. 

(646.) The structure of the mouth in the Dorsibranchiato Annelidans 
is fcry peculiar. The first portion of the alimentary canal, or stomach, 
as it is most erroneously called by some writers, is muscular ; and cer- 
tainly, when seen in a dead Annelid, it might easily be taken for a 
digestive cavity. Nevertheless, during life, this part of the alimentary 
apparatus is destined to a widcly-different office ; for it is so constructed 
that, at the wiU of the animal, it can be completely everted, turned 
inside out, and, when thus protruded externally, it forms a very singular 
proboscis, used in seizing food, and frc( 2 uently armed with powerful 
teeth of singular construction. The following figure (119, a), repre- 
senting the head of one of those worms {Goninda d cJievrotis, Milne- 
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Edwards), will givo a good idea of this curious organ when fully dis- 
played ; and in lig. 1 H), n, the mechanism is exhibited by which its 
■otrusion and retraction are ae- 


(tomplishcd. The whole aj)pa- 
ratiis is there .S('en to consist of 
t^v'o muscular cylinders, placed 
one Aviihin the other, but conti- 
nuous at their upper margin (n) ; 
or, to use a familiar illustra- 
tion, the proboscis may be com- 
pared to the linger of a glove 
partially inverted. It is obvious 
that, in tliis case, if the inner 
cylinder be drawn inwards — 
that is, into the mouth, — the 
whole structure becomes short- 
ened, until at last it is entirely 
retracted into the oral cavity; 
whereas, on the contrary, if the 
outer tube is made to protrude, 
it expands at the expense of the 
inner one, which is gradually 
drawn forwards. The internal 
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surface of this remarkable proboscis, moreover, is variously modified in 


its stnictui’c, so as to adapt it to the prehension of different kinds of 


prey. In Amphinomey for instance, Pig 

the orifice of the mouth is a thick, a 


fleshy, and callous circle (fig. 122, 
?>, c, d), and the surface of the exserted 
proboscis (c, d) is covered with deli- 
cate transverse rugae, evidently so 
arranged as to give tenacity to its 
gripe. In Gonlada it sui)ports two 
distinct sets of horny teeth, provided 
for vciy different uses : one set, which 
is exposed when the proboscis is un- 
rolled to a very small extent, consists 
of a scries of linear horny plates 
(fig. 119 , A, (/), and probably forms a 
kind of file, or rather a scraper, 
wherewith the animal excavates the 
subterranean galleiies in which it 
lives. The other set does not make 



its appearance till the proboscis is Mouth of 

more completely expanded, and is evidently an instrument of pre- 
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hcnsion, formed by two horny hooks (fig. 119, n, a, h) placed upon iiii 
elevated ridge near the cnti’ancc of the oesophagus, so as to take a 
secure hold of any victim seized by this curious mouth. 

(647.) In rhjTlodoce laminosa the teeth form a circle of semicarti- 
laginous beads encompassing the extremity of the proboscis when that 
organ is pushed out to *its full length (fig. 120, A), — an arrangement 
well adapted to hold and, perhaps, to crush their prey. 

(648.) But the most formidable jaws are met with in some of the 
Nereidiform species, as in Laodieea antenmtay of which a figure is given 
above (fig. 118). When the proboscis of one of these creatures is 
slightly everted, the extremities of three pairs of strong homy plates 

B Fig. 121. A 




Jaws of Laodieea aniennafn. 

emerge from the mouth ; of these, one pair terminates by forming a 
powerful hooked forceps, while the others present strong denticulated 
margins (fig. 121, a, a, h, c). The nature of these teeth will bo better 
seen by a glance at b in the same figure, where they are represented, 
upon an enlarged scale, as they appear when detached from their con- 
nexions. 

(649.) The alimentary canal of the Dorsibranchiate Annelidans offers 
little which rt^quircs special notice. It invariably passes in a direct lino 
from the termination of the proboscis to the anal extremity of the body. 
In the NerekhiR it is provided with numerous lateral pouches, somewhat 
resembling those of the Leech. In Aphrodite these lateral ca3ca are very 
long, slender, and branched at their extremities, so that they have been 
thought by some to be secreting organs, representing the liver. In 
Arenkola we find, at the termination of the a3so])hagus (fig. 128, /), two 
largo caecal appendages (e), of unknown office, while the rest of the tube(c) 
is entirely covered with minute sacculi, the walls of which arc decidedly 
glandular and secrete a fluid of a greenish-yellow colour. 

(650.) In the majority of the Annelids, observes Dr. Williams, the 
alimentary system constitutes a cylindrical tube, which bears a general 
resemblance of outline to the integumentary, — this latter forming, with 
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respect to the former, an exterior concentric or embracing cylinder. 
These two (cylinders are in no instance in agglutinated contact : a space 
intorvcnijs, varying in capacity in different species, to designate which 
the term ‘ peritoueaV or splanchnic, may be used with perfect propriety. 
Tliis space is occupied by a vital or organized fluid charged witli cor- 
puscles, which exhibit, under the microscope, characters distinctive of 
species. Independently of its physiological uses, this fluid enacts me- 
chanical functions indispensable to the well-being of the animal : on 
it, as upon a pivot, the vermicular motions of the intestinal cylinder 
arc performed. 

(651.) Although, as a whole, forming a cylinder, in no instance docs 
the alimentary canal of the Annelida present the figure of a smooth- 
walled tube. The parietes are invariably sacculated, and often super- 
ficially multiplied in the most elaborate manner. In the Lumbriciform 
species, eacli segment of the body has its own independent stomach. 
Those of contiguous segments communicate through an opening con- 
siderably more contracted in diameter than that portion of the intes- 
tine from which it leads. Thus the intestine of the Ernmt Annelids, 
especially, may be compared to a line of pears, the apex of each suc- 
cessive pear being applied to the base of its predecessor in the scries ; 
if these bases wore prolonged on each side, tlio stomach of Ac Leech 
would be the result ; if compressed, that of those species in which the 
tube is nearly straight. / 

(052.) The course of the principal trunks of the circulating system 
in the Dorsibranchiata bears a general resemblance to what wo have 
already seen in the Abranchiate order, modified, of course, by the 
variable position of the branchial tufts. The annexed figure (122) of 
an elaborate dissection of an Amphinomc (A. capiUata), copied from 
one of the beautiful drawings contained in the Hunterian Collection *, 
affords an example of a circiJating system in which the propulsion of 
tlie blood is effected entirely by vessels, without the intervention of any 
muscular cavities or heart. In this animal the respiratory organs are 
ponniform appendages placed along the back, and these external 
vascular tufts communicate with delicate plexuses of vessels, situated 
in tlie interior of the body, called the branchial plexuses. In the 
figure the branchial plexuses of the left side only arc represented 
(q q q); and of these, one marked q' has been turned aside. The blood 
and nutritious fluids derived from the whole alimentary trach are col- 
lected by the large ventral intestinal vein (a n a) and conveyed to the 
branchial plexuses through the numerous vessels (o o o), some of which 
(o' o' o') arc displaced in the drawing in order that their connexions may 
be better seen. Besides the blood and nutriment thus derived from the 
intestine, the branchial plexuses receive the circulating fluid from all 

* Descriptive and Illustrated Catalogue of the Physiological Series of Compara- 
tive Anatomy in the Mus. Roy. Coll. Surg. of England, vol. ii. pi. 14. 
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the segments of 
the muscular en- 
velope by separate 
veins {p p) ; and 
thus the blood 
from all parts is 
brought to the 
gills and exposed 
to the inHuence of 
oxygen. 

(()53.) After un- 
d('rgoiT\g respira- 
tion, the blood is 
collected from the 
branchial jdexnscs 
by the lateral veins 
(rrr), from which, 
through commu- 
nicating vessels 
(s s s), it passes 
into tbe^aorta or 
great dorsal vessel 
(t t t) to bo dis- 
tributed through 
the body. From 
the aorta largo 
trunks (y v) are 
given off to form 
the intestinal ar- 
tery (lu tv), which, 
ramifying over the 
intestine, commu- 
nicates with the in - 
tcstinal vein (n li) 
and thus com- 
pletes the vascular 
circle*. 

(654.) IrvEunke 
Banguinea the cir- 
culatory apparatus 
consists of a short 
but capacious dor- 
sal vessel (fig. 
123, Z'), which 


Fig. 122. 



Circnlatoiy syateni of Amphinome capillata. 


* The parts indicated in the drawing by letters not referred to in the text are the 
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rests upon the pharyngeal portion of the digestive tube, without, how- 
ever, being adherent thereunto, and com- 
municates posteriorly with a vascular 


circle that surrounds the stomach and 
receives the blood from the intestinal 
parietes through two longitudinal trunks 
(fig. 123, ?) situated upon the dorsal 
aspect of the alimentary tube. 

(055.) In its course towiirds the head, 
the single doisal vess(il (/'), which is a 
continuation of the two dorso-intcstinal 
veins (1), rcccdves several branches, some 
derived from the digestive canal, others 
proceeding from tlio muscles and integu- 
ments of the nciighbouring part of the 
back. Tlieso last-named branches com- 
municate with a slender cutaneous mc- 
dio-dorsal vessel that runs iilong tlio 
entire length of the body and receives 
from each segment numerous cutaneous 
ramusculi (a?). Lastly, tlu^ dorsal vessel 
gives off from its anterior extremity 
vaiious lu'anches to the cephalic segments, t 
as well as otlicrs whi(dj are dii’ectcd out- 
wards, as in the Terehella described here- 
after ; but these, instead of sup])lying 
brancliial organs, take a backward course, 
and arc cither distributed to the paris in 
the vicinity of the pharynx, or their ra- 
mifications anastomose with those of the 
ventral vessel, immediately to be de- 
scribed. 

(650.) The ventral vessel (fig. 123, q') 
gives origin, opposite each segment, to a 
pair of lateral branches ; but the confor- 
mation of these branches, as well as the 
functions to which they arc destined, arc 
very different. Immediately after its 
origin, each lateral branch becomes con- 



Circulatory and iv«piratory njtj>nra- 
tU8 of J^iuiicc ftanqidnea', a, h, c, tlh* 
anti'nno?; <■, tho first scfjhKMit of thn 
l)ody ;/■, latorul ainu'ndnj^i'S, or rudi- 
montary lei*t ; ]>?inrynx; //', niandihu- 
lar musflos ; i, intostino ; I', vessel jier- 
forniitiff the functions of an aortic or 
systemic l)eart ; I, siJ])erior intestinal 
vessels ; o, their lateral hranehes (or 
branchial veins) ; q\ ventral vessel ; 
t, its lateral branches ; t\ eontraetilo 
anipulltc, performing the functions of 
branchial hearts; w, branehia); x, sub- 
cutaneous vessels of the back. (After 
Milnc-lidwnrds.) 


sidorably dilated and bends back sud- 


denly upon itself, so as to resemble, when superficially examined, an 


following;— a a, the ventral surface of the segments of the body ; e e, the ventral oars, 
or packets of bristles ; f f, the ventral cirri, or feelers ; the anal cirri ; h, the anus ; 
i 2, k k, the bases of tlje dorsal and ventral oars, witli tlicir surrounding muscles ; 
I /, the dorsal longit udinal muscular bands ; m m, the ventral longitudinal muscular 
bands. 
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ovoid vesicle, or ampulla ; it then runs outwards, fiirnishinp: an ascend- 
ing hraiuth to the alimentary canal, and on arriving at the base of the 
feet, or locomotive appendages, gives off several small anastomosing 
branches, forming a sort of va.s(ailar in^twork, 'whence vessels are supplied 
to the corresponding branchial filaments. 

(057.) The blood, after being subjected to the influence of oxj'gen in 
the branchial appendages, is returned by other transverse vessels wliich 
run along the intcrannular septa to the alimentary canal, 'where they 
ultimately discharge themselves into the largo median trunks (/) situ- 
ated upon the dorsal aspect of the intestine. 

(658.) Considered generally*, it 'will be perceived that the distribu- 
tion of the vascular trunks in the Eunices is pretty much the same as 
that 'which exists in the Terebellaj ; but when their functions are con- 
sidered, and the relations in which they stand relatively to the respi- 
ratory apparatus^ very important differences are at once apparent be- 
tween the two genera. 

(650.) In Eunice, it will bo seen (fig. 123) that Professor Milne-Ed- 
wards has described and figured the branchial vessels as ampullatcd 
soon after the origin of each from the common trunk, the ampulla) being 
designed to fulfil the function of branchial hearts. These vessels there- 
fore, ao# jrding to the representations of Milne-Edwards, are, in Eunice, 
the analogues of those remarkable cardiac vessels (pulmonary luMirts) de- 
scribed by Hugos in the Leech. The existence of these latter vessels has 
already been found to be extremely problematical (§ 583). According 
to the observations of Dr. Williams, these vessels in Eunice present 
nothing approaching to the ampullae figured in the illnstrutions of 
Milne-Edwards. The pouched dilatations arc prodiu^ed by the dissec- 
tion and exposure to atmospheric stimulus, just as in the Earthworm 
the moniliform character of the descending vessel was shown to be 
caused by the stretching. In Eunice the latcral.large segmental branches 
arc relatively large at first, but soon divide into three lesser branches, of 

* The following axioms may be laid down relative to the circulation of the 
blood : — 

1st. In all Annelids, the blood flows in the great dorsal trunk from the tfiil towards 
the head. 

2nd. In all Annelids, the blood flows in the great ventral trunk from the head 
towards the tail. 

3rd. In the whole integumentary system of vessels, Uio blood moves from the great 
ventral towards the great dorsal trimk; tins movement constitutes the annular, or 
transverse circulation. The main current of the blood in the ventral trunk pitrsues 
a longitudinal course until exhausted by successive lateral deviations. 

4th. In Annelids, tlio intestinal system of vessels consists of four longitudinal 
trunks : one dorsal, which may bo called dorso-intcstinal ; one ventral, which may 
bo distinguished as the sub-intestinal ; and two lateral. These several trunks are 
joitied together by circularly-disposed branches bearing a dense glandular capillary 
system. In the inferior intestinal system the general movement of the blood is from 
before backwards ; in the circular branches, from the ventral towards the dorsal trunk. 
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wliii;h one goes to the feet, the other to the intestine, and the thivdto 
the ])ranchi{e, from whieli the blood returns into the dorsal vessel, 
which in (his worm, accordingly, carries arterial blood. The smhh‘n- 
ness of this division favours the imprisonment of a drop of blood in the 
lirst stag(^ of the vessels, the drop thus enclosed occasioning a biilgcKl 
enlargement ; but this appearance is altogether accidental. Tlic blood 
is admitted into and returned from the branchiae by alternate movements 
of contraction and dilatation : these movements are not simultaneous 
in all the branchim, but various and independent in each individually, 
the afflux into one being synchronous with the efflux of blood from 
those contiguous. This contractile power is by no means peculiar to 
these vessels. The motion of the blood in the vessels of every part of 
the body of the Annehd is effected, not through the agency of uniformly- 
travelling undulatory contractions of their coats, but by complete con- 
tractions and relaxations of successive portions of the tube ; so that, 
during the instant of contraction, the cylinder of the vessel in the part 
(iontracting is comphitcly emj)ticd of blood, the sides collapsing and 
meeting in the axis ; and during the period of dilatation the same por- 
tion of the vessel becomes densely distended with blood : and this is tho 
true mechanism of the circulation in those species, even, in which a 
central i)ropulsivo organ exists — for example, in liais and Mi^enicola, 
In no part of tho system, therefore, is tho sup^radded contractile bulb 
ro(piired as an agent of circulation, since this contractile power re- 
sides in every part of every vessel in virtue of the muscularity of its 
parietes. 

((hlO.) A general survey of the circulation in 'Ewiice will suffice to 
satisfy the ])hysiologist tluit no part of the system contains pure arterial, 
and no part pmc venous blood. Into the double dorsal tnink arterial 
blood is poured from’ tho Jjranchue ; but to the same tnmk the intestinal 
braiK'hes contribute venous blood : the mingling of these hvo classes of 
currents in the same trunk must result in blood of an intermediate 
quality. It is, then, manifest that the great subneural trunk, which in 
this Worm is both systemic and branchial, must distribute blood of com- 
position intermediate between venous and arterial. Ko part of the 
circulatory apparatus therefore contains pure art('rial blood except the 
efferent bi’Jinidics of the branchiae. 

(()G1.) In some Annolidans wo still find that gemmation performs a 
very important part in the reproductive process : the multiplication of 
the individual segments of the body depends entirely u})on this mode of 
increase. But this is not all : it not unfrcqucntly happens that when 
these animals have attained their full growth, a constriction becomes 
apparent near the posterior extremity, immediately behind which a 
proboscis and eyes arc developed, forming the head of a new animal 
subsequently to become separated by spontaneous fissure (fig. 124) ; 
and even as many as six of these strangely-formed offsets have been 
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counted by Milnc-Edwiirds in continuity with ciuh other*. 'Iho 
process of division is represented in fig. 324: the hinder part ot ilie 
body, iiududing about seventeen seg- 
ments, is seen to be gradually separated 
from the anterior or larger portion ; and 
moreover, at the point of separation, a 
new head, with eyes and tentacular cirri, 
is distinctly formed. In one case,” 
says Muller, I found a mother to which 
three fostuses of different ages adhered in 
one length. The mother had thirty pedate 
segments : the youngest daughter, or that 
nearest the mother, had eleven ; but the 
head was not yet developed. The most 
remote had seventeen rings, with both 
head and eyes, and, moreover, the tail of 
the mother ; the middle one had seven- 
teen segments and a head. 

(662.) From various observations, it 
would seem that similar phenomena 
present ^omsclvcs during the develop- 
ment of other Annclidans ; proving that 
the bodies of these animals grow by the 
sucteasive formation of new segments, or 
zonules, which sprout from those already 
in existence, in accordance with a funda- 
mental plan, and become arranged in 
regular secpicnco, one behind the other. 

(663.) It is likewise evident that the two extreme portions of the 
body, namely the oral and anal segments, are first formed, and that it 
is in the space between these that all the segments of the trunk, how- 
ever numerous, have their origin, — their development being carried on in 
a single scries, which is progressively extended from before, backwards, 
by the continual addition of new segments, which are so disposed that 
the relative age of each ring is indicated by tlio position which it occupies. 
Each newly-formed zonule is invariably interposed between the last- 
developed segment and the anal ring ; so that it becomes natural to 
in(piiro from which of these two it more immediately derives its origin, 
— a (question that at first might appear of difficult solution, but which 
seems to be set at rest by the following considerations. From the ob- 
servations of M. de Quatrefagest, it appears that in some genera, at a 

* The phenomena of fissiparous generation in those Annelidans will be better un- 
derstood by reference to Mr. Newport’s important discoveries relative to tlie growth 
of the Al(/riapoda. — Videj9os^, § 732. 

t Ann. dcs Sci. Nat. 1844. 
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certain period of tli<dr ftTowtli, a new individual, entirely appointed for 
sexual rcprodiudion, is developed from the posterior part of the body, from 
which it separates itself after having remained for some time adherent 
tljercimto. IS'ow these young Annelidans, thus formed by a process of 
g(;mmation, are devtdoped precisely in the same position as the new 
sc\gm(mts of the larvm, that is to say, between the anal ring and the last 
zonule of the triinlc ; but they are not all formed at the same time, and, 
from the ditferent stages of development at which they had each arrived 
in the individual described above (§ 661), it was evident that the youngest 
were placed nearest to the trunk of the parent animal. The first-formed 
young one, therefore, had been, as usual, primarily situated between the 
terminal segment of the trunk of the adult Annelid and its anal seg- 
ment, which, being consequently pushed backwards, had ceased to be- 
long to the parent stock and had become a constituent part of the 
newly-formed young one; the second must, consequently, have been 
developed between that first formed and the same terminal joint of the 
trunk of the parent, and could have had no relation whatever with the 
original caudal segment, and so on for the third and foii^th, &c., — ^proving 
that the penultimate segment of the body, and not t!^ caudal ring, con- 
stitutes the point from which development emanates/ The gemmiparous 
production of a new individual resembles, therefore, to a certai^oxtont, 
the formation of the new zonules in the body of the larva : only, in the 
latter case, the reproductive ring loses its creative power as soon as it 
has given birth to a now segment, with which it becomes intimately 
connected, and which, in its turn, assumes the reproductive faculty ; 
whilst, on the contrary, in the pi’ocess of multiplying individuals by 
gemmation, the ])roduct becomes, to a certain extent, separated from the 
economy of the parent animnl, and the reproducing segment retains its 
gemraigerous faculty and gives origin to ’ a series of now beings, one 
after the other, the last-formed pushing their predecessors further back 
as they are successively developed. 

(664.) Some curious speculations have been entertained by conti- 
nental writers relative to this mode of propagation. The tail of the 
original Nereis is still the tail of its offspring ; and however often the 
body may divide, still the same tail remains attached to the hinder por- 
tion, so that this part of the animal may be said to enjoy a kind of im- 
munity from death. 

(665.) In Arenkola plscatonim (fig. 125), a worm met with abun- 
dantly upon our own coasts, and eagerly sought after as a bait by fisher- 
men, who dig it from the holes that it excavates in the sand, the branchiae 
(h) arc confined to the central portion of the body, where they form on 
each side a scries of bunches, remarkable during the life of the creature 
for their beautiful red colour, derived from the crimson blood that cir- 
culates copiously through them. 

(666.) Kespiration is performed in Arenkola by means of naked 
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blood-vessels, projecting, in the adult worm 
(tig. 125 , h\ at the root of the setiforoiis pro- 
cesses upwards and outwards onc-fourth of an 
inch from the surface of the body. They arc 
limited in number and distribution to the 
fourteen or sixteen middle annuli or segments. 
These external branchiae are commonly de- 
scribed as forming simply arborescent tufts ; 
the division of the vessels is, however, found, 
on more minute examination, to bo regulated 
in accordance with a fixed princi])lc. When 
fully injected with blood, the vessels of each 
branchia form a single flattened plane, which 
rises obliquely above and across the body im- 
mediately behind each brush of setae. In the 
adult animal each gill is composed of fi’om 
twelve to sixteen primary branches arising 
from a single trunk that proceeds from tlic 
great doi*sal vessel : the vessels in the bran- 
chial tuft describe zigzag outlines, — the se- 
condary branches projecting from the salient 
point or the outside of each angle of the zig- 
zags, and the tertiary from similar points on the 
secondarj^ branches. This mode of division, 
occurring in one place and in all the smaller 
branches, results in a plexus of vessels of 
great beauty of pattern or design. Each 
branchial tuft and each individual vessel })os- 
sesses an independent power of contraction : 
in the contracted state the tuft almost dis- 
appears, so comidetely effected is the empty- 
ing of the vessels. The contraction or systole 
in any given tuft occurs at frequent but irre- 
gular intervals : this movement does not take 
place simultaneously in all the branchiae, but 
at different periods in different tufts. The 
vessels have the appearance of being quite 
naked; and if examined in the living state, 
each ramiiscule seems to consist of only a 
single trunklet : if this were really the case, it 
would of course resolve itself into a tube end- 
ing in a cul-de-saCf and the blood-movement 
would be a flux and reflux ; but by injection 
it is easy to show that the finest division of 
the branchial arbuscule contains a double 


Fig. 125. 
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vessel enveloped in a common muscular (although extremely din- 
phanous) sheath. That these vascular sheaths, which are only fine pro- 
ductions of the integuments, are furnished with voluntary muscular 
fibres, is proved by the rapid and simultaneous retraction of all the 
branchiae into the interior of the body which follows when the animal 
is touched. In Arenlmldy as in all Annelida in which the vessels of 
these organs are naked, the branchiae are destitute of vibratile cilia ; and 
it will be found that under such circumstances, namely when the 
branchial vessels occur as naked projections from tlic external surface, 
the description here given of these organs in Arenicola will apply in every 
respect to all other Annelida so furnished. It will bo observed that in 
all the dorsibranchiate genera furnished with branchiae such as those 
described above, the true blood, circulating in its proper vessels, is found 
to be exdushehf the seat and 
subject of the respiratory pro- 
cess ; the fluid in the peri- 
toneal cavity, abundant in 
(juantityand highly organized 
though it be, docs not in the 
least degree participate in 
this great function. The Dor- 
sibranchiatc Annelids may, 
however, be divided into two 
great groups, of which one 
would comprehend those ge- 
nera in which the function of 
breathin g devolves exclusively 
on the tme blood, while the 
other would be characterized 
by the fact that the brancdiim 
are constructed so as to pemiit more or less completely the exposure, 
in conjunction with the blood-proper, of the chylaqiieous fluid of 
the visceral cavity to the influence of the surrounding aerating ele- 
ment. Thus it wall be seen that when the branchial apparatus is 
penetrated by two separate and distinct fluids, coordinate iirobably in 
organic properties, the vascular system of the body generally wiU be 
found so much the less developed, in proportion as the peritoneal fluid 
supplants the blood in the branchiae. In those races of Dombranchiate 
worms possessing both these kinds of circulation, naked unciliated 
blood-vessels no longer form exclusively the branchial organs; loose 
and large-celled tissue (fig. 126 , a a) is superadded to the proper blood- 
vessels, which are far less in relative size than those in the former 
variety of branchim ; into the cells of this tissue the fluid of the visceral 
ca\uty insinuates itself, its course being marked by a slow motion. 
There exists, however, another point of structural difference between the 
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branchial organs of this group and those of the former, viz., that where' ver 
the fluid of the peritoneal cavity is admitted into the interior of the 
branchial organa, the latter arc invariably supplied more or less pro- 
fusely with vibratile cilia. 

(667.) In the branchial structure of worms thus constituted, Iho 
branchial appendages are found, instead of being comj)osed of naked 
vessels, to present the appearance of round or laminated organs, into 
which the fluid of the visceral cavity freely penetrates. 

(668.) The blood-system is more concentrated in Arenicola than in 
any known Annelid. A large dor- 
sal trunk (fig. 127, a\ fig. 128, i), ^^7. 

at the anterior three-fourths of 
the body receiving exclusively the 
efferent vessels of the branchim, 
proceeds forwards from the tail 
and empties itself into the cardiac 
cavities, of which one is situated 
on either side of the oesophagus 
(fig. 127, i 6'; fig. 128, 6). An- 
other ve^cl, proceeding from the 
head towards the heai’t, empties it- 
self into the same cavity with the 
former. The blood then enters a 
second cavity (fig. 127, c'), more 
ventrally situated, by which it is 
partly propelled forwards into the 
suboesophageal trunk, but princi- 
pally backwards into the great lon- 
gitudinal trunks of the alimentary 
canal. The blood returning from 
the intestinal system of vessels 
reaches the dorsal intestinal {g) 

(lying in the median line under- 
neath the dorsal trunk), from 
which the current diverges laterally 
at right angles into the branchiae 
iff). This conformation differs Plan of th«; circulation in 

A iv i ^ i. • n i.1. (After Dr. WilliainH.) • 

from that prevalent in all other 

Dorsibranchiatc Annelidans, in which the great ventral trunk is the 
source of the branchial arteries. But the typical plan of the circulation 
is observed in the system of Arenicola at the postcidor half of the bran- 
chial division of the body, where the afferent vessels of the branchiae 
emanate from the ventral trunk. It may bo necessary to explain that 
the motion of the blood in that part of the circulating system which is 
anterior to the heart is the reverse of that posterior to this centre. The 
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ventral onso])haf?eal carries the blood forwards, and the dorsal hacltwards 
towards the heart. 

(009.) The independent contractile ^ig* 128. 


{(‘rffo circulating) power of each indi- 
vidual vessel may be very completely 
proved by an examination of the branchiae 
of a living Aremvola. A single ramusculc 
in the branchial tuft may contract and 
empty itself while the surrounding 
branches are expanding diastolically. 
There is no synchronism in the circula- 
tory movements of these vessels. Both 
the aiferent and efferent vessels of the 
branchisD are long and tortuous, but 
discover no cardiac ampullae in any part 
of their course. In Arenicola the peri- 
toneal chamber is fiUcd with a highly 
corpusculated fluid, the basis of which 
consists of sea-water, and the presence 
and movements of which are indispen- 
sable to tlic circulation of the blood- 
proper. By this remarkable mass of 
fluid, the slender tortuous vessels are 
shielded from injurious pressure. 

(670.) In Arenicola jpiscatorum* the 
generative apparatus consists of six late- 
ral pouches, which during the months 
of July and August are in a condition 
of extreme vascularity. They are quite 
visible to the naked eye by their bright 
red colour. The minute structure of 
these pouches can be studied by carefully 
dissecting them from their attachments 
to the abdominal wall of the cavity and 
placing them under the microscope. One 
of them thus viewed will bo seen to con- 
sist of a sac or bag, the fundus of which 
is caecal. The interior cavity throughout 
the upper three -fourths is a single un- 
divided space. The attached extremity 
is formed into two very distinctly marked 



channels or tubes, the interior of which Circulation in Arenicola. 


is formed of cilia that beat in opposite directions. In the glandular 
tube, the ciliary current sets towards the cavity of the organ ; in the 


* Dr. Williams, Phil. Trans. 1858, p. 118. 
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simple tube it sets out from this cavity. In the fundus the currcnl 
leads up on one side, and domi towards the outgoing limb on the* 
other. The two limbs by which the organ is tied to the walls of tlu‘ 
perigastric chamber are not similarly formed. The ingoing limb ex- 
hibits a more glandular character, and its walls are considerably thicker 
and more richly supplied with blood, than the other. About the middle 
of its course it enlarges into a round gland-like body, the axis of which 
is perforated by the tube. The ingoing limb commences in an ex- 
ternal orifice on the abdominal surface of the animal ; so that the in- 
going current which it serves to convey can only consist of sea- water, 
which being thus introduced into the cavity, is driven out again, in 
whole or in great part, by outwardly-acting cilia through the limb, 
which also opens externally : none penetrates into the cavity of the 
body. N'cvcrtlicless Dr. Williams has no doubt, although he hiis never 
been able to demonstrate the fact, that the outgoing leg of the looped 
organ not only communicates directly with the exterior, but also, by a 
lateral process, opens into the cavity of the body ; and by means of this 
last process, the ova in the female and the sperm-cells in the male reach 
the perigastric chamber. The ova in the female and the sperm- cells in 
the male arc abundantly found in the fluid of the general cavity ; and 
the ova ^iay also be actually seen in largo crowds in the outgoing limb. 
The ova at this point consist of clear, pellucid germinal vesicles : the 
vitellus has not yet appeared ; after they have sojourned for some 
time in the general cavity, the latter begins to show itself. According 
to Dr. Williams, then, the segmental organ is the true ovary in the 
female and the true testis in the male. The ingoing limb of the organ 
is a highly glandular structure ; its vessels arc densely packed and spe- 
cially arranged ; its walls arc thick and stromatous ; and at its mid-point 
is a notable glandular development. From the vascular system of tliis 
gland proceeds the great vascular organ. 

(071.) To the one side of this great vascular system there arc ap- 
pended peculit'U’ caecul pouches, from the other a dense capillary plexus. 
This vascular appendage is the morpliological equivalent of the blood- 
system connected with the ovogenetic limb of the segmental organ of 
the Leech, and of the botryoidal apparatus of vessels connected with 
the segmental organ of Lumhricus, and must citlier be the receptacle of 
an extra supifly of blood to an organ susceptible of periodical expansion, 
or it excretes something from the blood-proper into the cavity of the 
segmental organ which is essential to the further development of the 
generative products. It is quite certain that the ova and sperm-cells 
pass through the last stage of their development in the perigiistric 
chamber. How they escape out of this chamber has never yet been 
proved. 

(672.) Rathke and Grube have argued that Arenkola is androgynous. 
De Quatrefages, however, from his knowledge of tlic development of the 
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spermatic particles, has long- recognized the existence of separate sexes ^ ; 
and long before this, Htanniiis had conclnded that the sexes were sepa- 
rate, from the fact that in dilfercnt individuals the contents of the 
general cavity of the body were different f. Stannius also observes 
that the parent sperm-cells leave the segmental organs (his testes) 
before the formation of the spermatozoa, which arc found only in the 
cavity of the body. Krohn, Frey, and Leuckart assert that the ova and 
spermatozoa are developed free in the general cavity of the body. 

(673.) In relation to the spontaneous division of the Annelida, Dr. 
Williams observes : — It is true that, towards the latter end of every 
summer, certain species of worms are multiplied by a cutting across the 
body at one or more points. If the fissure occurs at more than one 
point, the animal, of course, becomes divided into more than two pieces. 
This circumstance seldom happens. The fissure in Arenicola generally 
occurs somewhere within the middle third of the body, securing a few 
branchial tufts for each fragment. The tail, however, is sometimes 
detached, and sometimes the division happens very near the head. 
This process, in Arenicola^ happens during July and August. The ce- 
phalic and caudal pieces continue for some time to writhe in the sand, 
somewhat further down in the soil fi-om the surface than the perfect 
individuals. Towards September, the fragments (both that aftached to 
the head and that belonging to the tail) dissolve away, ling by ring, and 
finally disappear by decomposition. If the fragment examined bo tliat 
of the tail, it will be obsers’cd at the point of separation to exhibit an 
eversion of the edges, placing the alimentary canal exteriorly ; and a 
very evident increase of size in the vessels also occurs, accompanied by 
a tumefied state of iill the structures of the part. From this latter fact, 
it is easy to be misled into the idea that the vessels can become enlarged 
for no other puq)osc than that of repairing the injury done by the 
fissure, or, perchance, of reproducing the part detached by that process. 
Such would naturally be the moaning which a physiologist would attach 
to the swollen appearance of the blood-vessels. But such is not the 
conclusion to which the careful iiractical observer is conducted by the 
study of the actual phenomena of the process. It is, of course, in- 
disputable that nature accomplishes some adequate object by the fissure 
of the body of the worm ; but that^objcct, whatever else it be, is unques- 
tionably not that of multiplying the species. The tail-fragment tuver^ 
as can be proved by easy observation, produces a single new ring or 
segment of the body. If this bo true, how completely improbable must 
be the statement that the headless piece is ca])able of producing a new 
head ! In Arenicola, Dr. Williams can confidently declare that such 
reproductive properties as those implied in the ro-foi-mation, .and that 
too by a remnant of an integral part of the body, do not exist. It is 
equally inaccurate to maintain that a new tail is formed by the cephalic 
^ Coniptos Reiidus, xvi. 1843. t Miillcr’s Arcliiv, 18*40. 
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fragment. This half of the divided worm, like the former, gradually 
presents evidences of decay: it hecoiiies less and less irritable, the 
muscles and integuments begin to deconi])ose, the blood-vessels of the 
branchire become black, and the whole disappears by the dissolution of 
the structures. 

(674.) The Aphuoditace.!!:, or 8ca-mice, are remarkable for the long 
hairy tufts with which their pedal appendages are generally funiislu'd 
(tig. 129). Nothing can exceed the splendour of the colours that orna- 
ment some of these fascicuK of hairs ; they yield, indeed, in no respec t 
to the most gorgeous tints of 
tropical birds, or to the bril- 
liant decorations of insects: 
green, yellow, and orange — 
blue, purple, and scarlet — all 
the hues of Iris play upon them 
with the changing light, and 
shine with a metallic efful- 
gence only comparable to that 
which adorns the breast of 
the humming-bird. But it is 
not for fiieir dazzling beauty 
merely that these setse are re- 
markable; they are not un- 
frequently important weapons 
of defence, and exhibit a com- 
plexity of structure far be- 
yond anything to be met with 
in the hair of higher animals. 

In the Aphrodite aculeataj for 
example (fig. 129, a), they are 
perfect harpoons ; the point 
of each being provided with a 
double series of strong barbs 
(fig. 129, b) ; so that when the creature erects its bristles — much more 
formidable than those of the Porcupine — the most determined enemy 
would scarcely venture to attack it. 

(675.) But here wo cannot help observing an additional provision, 
rendered nceessary by the construction of these lanco-liko spines. We 
have before noticed that the bundles of setie arc all retractile, and can 
he drawn into the body by the muscular tube from whence they spring. 
It would bo superfluous to point out to the reader the danger which 
would accrue to the animal itself by the presence of such instruments 
imbedded in its own flesh, as by every movement of the body they would 
be inextricably forced into the surrounding tissues. The contrivance 
to obviate such an accident is as beautiful as it is simple. Every barbed 


Fig. V2\). 



Aphrodite acukata. 
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ai)inc is furnished with a smooth horny sheath (fig. 129, c, u, 6), com- 
posed of two blades, between wliich it is lodged ; and these, closing 
upon the barl)S when they are drawn inwards, effectually protect tlie 
neiglibouring soft parts from laceration. 

(670.) In i\iQ Aphrodite we have’ 
an additional appendage developed 
from the upper part of each lateral 
ofir, in the sliape of a broad memhra- 
]ious scale, which, arching inwards 
ov(U' the baclv (fig. 130, r), forms with 
its fellows a scries of imbric^itcd 
plalos, or ehftra^ as they are teclmi- 
cally named (fig. 129, a). Each of 
the elytral scales is formed by a dou- 
ble membrane, between the lamina) 
of wliich at certain seasons the eggs 
arc found to be dejiosited, — a situation evidently adajited to ensure the 
exposure of the ova to the influence of the surrounding element, and 
thus to provide for the respiration of tlie embryo. 

(677.) The Aphroditaceae, indeed, constitute a gToup of Annelids to 
which the term *dorsibranchiate^ by no means correctly appli#; that is, 
in the majority of species embraced in this order, no branchial append- 
ages exist, cither on the dorsum or any other part of the body. Hcspi- 
ration is performed on a novel principle, of which no illustration occurs 
in any other family of worms. In all the Aphroditaceae the blood is 
colourless. The blood-system is in abeyance, while that of the chyl- 
aqueous is exaggerated. Although less charged with organic elements 
than that of other orders, the fluid of the peritoneal cavity in this famiy 
is unquestionably the exclusive medium through which oxygen is ab- 
sorbed. The true Aphrodite type of respiration occurs in Aphrodite 
aculeata (fig. 129, a). In this species, the tale of the real uses of the 
elytra or scales is plainly told. Supplied with a complex apparatus of 
muscles, they exhibit periodical movements of elevation and dejwcssion. 
Overspread by a coating of felt, readily permeable to the water, the 
space beneath the scales during their elevation becomes filled with a 
large volume oi filtered water, which during the descent of the scales is 
forcibly emitted at the posterior end of the body. It is important to 
remark that the current thus established lams onhj the exterior of the 
dorsal region of the body. It nowhere enters the internal cavities; 
the latter arc everywhere shut out by a membranous partition from 
that spacious exteidor enclosure bounded above by the felt and elytra.. 
The complex and labyrinthic appendages of the appcndiculated stomach 
lie floating in this fluid and in the chambers which divide the roots 
of the feet. From this relation of contact between the peritoneal fluid 
and the digestive emea, which are always fiUed by a dark-green chyle, 
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it is impossible to resist the conclusion that the contained fluid is really 
a reservoir wherein the oxyjjjen of the external respii'atoiy (.urront 
becomes accumulated. Eroni the peritoneal fluid the aerating (‘leiiKait 
extends in the direction of the caeca, and imparts to their contents a 
higher degree of organization. These contents, thus ju’epart'd by a 
sojourn in the caeca of the stomach, become the direct pabulum for 
replenishing the true blood which is distributed in vessels o\ er the 
parietes of these chylous repositories. The sequence of events now 
indicated will convey to the mind of the physiologist a clear idea of the 
mechanism of the processes both of respiration and sanguification, by an 
arrangement strikingly analogous with what we have already seen in 
the Asteridaj amongst Echinoderms . 

(678.) In order to arrive at a correct knowledge of the reproductive 
system of this Annelid, specimens of both sexes should be examined in the 
spring, and again in the autumn. A good example of a female Aphro- 
dite being obtained, the dissection should bo thus proceeded ‘with : — 
Pin the animal down to the trough with its back upwards. Open it by 
a longitudinal incision extending from the tail to the head. The in- 
cision should cut through the scales, felt, and integuments, in order to 
lay open the spacious perigastric chamber. The integuments should 
now be o^efuUy stretched, and pinned down to the sides, so as to expose 
the interior. Let the dissection be then gently floated in salt water, 
and the parts will present the appearance 'hero described. A network of 
minute tubes or threads will be seen to twine round and embrace the 
diverticula of the alimentary canal. 

(679.) The entire alimentary system must next be taken away, and 
with it necessarily a considerable portion of the reproductive network. 
A view will thus be obtained of the attached ends or roots of the 
branched segmental organs. These roots will be found to equal the ali- 
mentary caeca in number, and therefore that of the feet which are situated 
posteriorly to the proboscidiform oesophagus. They appear under the 
character of ppiform tubuli, commencing or ending in a single cxtcnial 
orifice. Internally they arc lined with ciliated epitheliiun, the cilia 
being large, dense, and acting with great force and vigour. The current 
raised by these cilia sets up on one side and down on the other. The 
ciliated epithelium ceases at the point where the primary branches 
divide. All the rest of the organ is unciliated, and filled with the re- 
productive products. This portion is elaborately branched, the branches 
twining round the diverticula of the stomach. No microscopic object 
can be more beautiful than a portion of this tubular network. The 
individual tubes arc bridled on one side and glandular on the other. 

A similar structure is exhibited by the male tubes*. 

(680.) Ttjbicola. — The two preceding orders of Annelidans are 
erratic ; but in the third we find creatures inhabiting a fixed and per- 
* Dr. Williams, Phil. Trans. 1858, p. 1134. 
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inancnt residcnoo that encloses and defends them. This is generally an 
elongated tu])e, varying in texture in different species. Sometimes it 
is formed hy agglutinating foreign substances, siicli as grains of sand, 
small sliolls, or fragments 
of various materials, by 
means of a si^cretion that 
exudes from the surface 
of the body and hardens 
into a tough membranous 
substance; such is the 
case of Tertbella Medusa 
(fig. 182). In other cases, 
as in the Sei'pula eontor- 
tupUcata (fig. 131), the 
tube is homogeneous in 
its texture, formed of 
calcareous matter resem- 
bling the shells of certain 
bivalve mollusca, and ap- 
parently secreted in a 
similar manner. These 
tubes are generally found 
incrusting the surface of 
stones or other bodies that 
have been immersed for 
any length of time at the 
bottom of tlie sea ; they arc closed at one end, and from the oppo- 
site extremity the head of the worn is occasionally protruded in 
search of nourishment. It must be evident that, in animals thus c‘n- 
(jased, the character of the respirator}' apparatus must be considerabJy 
modilled*; instead, therefore, of the numerous branchim appended to 

* M. dc Quatrefages gives tlio following of the various modifications iiiet 

with in the respiratory ap])uratu3 of the Anncliduns : — 

“ 1. Respiration gcnenil and entirely culaneous {Lumhriromreis). 

“ 2. Respiration cutaneous, but confined to certain segincnls {CJuffopferm), 

“ n Respiration cutaneous, but confined to certain points of each segment {Nereis). 

“ 4. Respiratory organs taking tlie form of a simple ea*cum or bladder ( CHycera). 

“ 5. The brancliiic eharacterized more and morc by the formation of a canal in 
connexion witli larger or smaller laeuiuv. 

“ (>. Those braiuhiflD may bo distributed all along the body {Kunicc sunytiinea). 

“ 7. They may be confined to a certain number of segments placed towards the 
middle of the body {Arenieola^ Hermella). 

“ 8. They may all bo placed at the extremity of the body, so as to form a double 
tuft.” 

“ The breathing is aex^omplislied,” says Dr, Williams, “ in every species, the Earth- 
worm not exeejited, in strict conformity with tlie aquatic principle. No known i\nne- 
lid respires on the atmospheric model. In every Annelid the blood, though variable 


Fig. 131. 
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the segments of the body which we have found in the Dorsibranchiatc 
order, the respiratory tufts are all attached to the anterior extremity of 
the creature, where they form most elegant arborescent appendages, 
generally tinted with brilliant colours, and exhibiting, when expanded, 
a spectacle of great beauty. In some species, as in that represented in 
fig. 131, there is a remarkable provision made for closing the entrance 
pf the tube when the animal retires within its cavity. On each side of 
the mouth is a fleshy filament resembling a tentacle ; but one of these 
(sometimes the right and sometimes the left) is found to be considerably 
prolonged, and expanded into a ftinnel-shaped operculum that accurately 
fits the orifice of the shell, and thus forms a kind of door, well adapted 
to prevent intrusion or annoyance from external enemies. 

(681.) The curious habitation of the Terehella Medusa is constructed by 
cementing together minute shells and other small bodies (fig. 132). In 
neither case is there any muscular connexion between the worm and its 
abode ; so that the creature can bo readily drawn out from its residence 
in order to examine the external appendages belonging to the individual 
segments of its body. When thus displayed (fig. 133), the modifications 
conspicuous in the structure of the lateral oars arc at once seen to be in 
relation with their circumscribed movements, and ofter a wide contrast 
to the iftrgely-developed spines, setae, and tentacular cirri met with in 
the Dorsibranchiata. In the upper part of the body, rudimentary pro- 
tractile bunches of hairs are still discernible, but so feebly developed 
that their use must evidently be restricted to the performance of those 
motions by which the protrusion of the head is effected ; while upon the 
posterior segments even these arc obliterated, the only organs attached 
to the rings being minute foot-like processes adapted to the same ofiice. 
The tentacular cirri, which were likewise distributed along the entire 
length of the Dorsibmnchiate order, are here transferred to the head, 
where they form long and delicate instruments of touch, and, most 
probably, assist materially in distinguishing and seizing prey. The 
branchite, likewise, arc no longer met with upon the segments enclosed 
within the tegumontary tube, but are placed only in the immediate 

ill colour, is non-corpusculated. Tlio converse is true of the chylaqucous fluid, which 
in every instance abounds in regularly and detcrminately organized floating colls.” 

“ In the Annelida the function of respiration is discharged under two remarkably 
distinct conditions. Under the first, the chylaqucous fluid alone is submitted to tliis 
process; under the second, the blood-proper fulfils the ofiice. The mechanical 
organs subservient to this function under the former are constructed on a plan dia- 
metrically different from that of those provided under the latter circumstances. In 
the Annelid, the true blood and chylaqucous fluid, though coexistent in the same 
organism, constitute two perfectly distinct and independent fluid-systems. There is 
between them no direct communication of any sort ; they are, physically, very dissi- 
milar fluids. An order of branchial organa must therefore bo recognized in which, 
in equal or unequal proportions, the chylaqucous fluid and the blood-proper, either 
in the same or in distinct appendages, participate in the process of respiration.” — 
Ann. & Mag. Nat. Hist. 1853, vol. xii. p. 393. 
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vicinity of the neck, wliero they form funlike expansions, or ramified 
tufts, so arranged as to be most freely exposed to the surrounding 
medium. The mouth, placed at the origin of the tentacular cirri, is a 
simple orifice closed wdth a valve-like Ihip or upper lip, but is un]>ro- 
vided with any dental structure. The aliracntaiy canal is generally a 
simple and somewhat capacious tube that traverses the axis of the 
body ; but in some species, as in Sahella pavonincij it assumes a si)iral 
course, making close turns upon itself from the mouth to the anal aper- 
ture, which is always terminal. 

(682.) The branchial organs, in the genus TereheUu*^ ai)pcai’ undcT 
the form of blood-red tufts, proceeding from three separate root-vessels 
on either side of the occiput. The vesseLs divide for the most i)art 
dichotomously, forming an arborescent bunch of florid blood-vessels ; 
each ramusculus is enclosed in a delicate cuticular envelope ])erfectly 
destitute of cilia, and is, moreover, double — that is, composed of an 
aficrent and efierent vessel. Although extremely transparent and 
attenuated, the cuticular stnicturo embracing these branchial blood- 
vessels must include some retractile fibres, since each separate ramus- 
culus may be emptied and rendered bloodless by the compression of the 
parietes, a provision which frequently exists in many parts of the cir- 
culatin^ystem of the Annelida. , 

(683.) The cephalic tentacles of the TerebeUm present a problem 
interesting alike to the physiologist and the mechanician. From their 
extreme length and vast number, they expose an extensive aggregate 
surface to the agency of the surrounding medium. They consist, in 
Terehella nehidosa, of hollow, flattened, tubular filaments, furnished with 
strong muscular parietes. Each of these hollow band-like tentacula 
may be rolled longitudinally into a cylindrical form, so as to enclose a 
hoUoAV semicircular space if the two edges of the band meet, or a semi- 
cylindrical space if they only imperfectly meet. This inimitable mecha- 
nism enables each filament to take up and firmly grasp, at any point of 
its length, a molecule of sand, or, if placed in a linear scries, a row of 
molecules. 13ut so perfect is the disposition of the muscular fibres at 
the extreme end of each filament, that it is j^fted Avith the twofold 
power of acting on the sucking and on the muscular principle. When 
the tentacle is about to seize an object, the extremity is drawn in, in 
consequence of the sudden reflux of fluid in the hollow interior ; by this 
movement a cup-shaped cavity is formed, in which the object is securely 
held by atmospheric presisure: this poAver, howcA’cr, is immediately 
aided by the contraction of the circular muscular fibres. Such arc the 
marvellous instruments by which these peaceful Avorms construct their 
habitations, and probably sweep their vicinity for food. 

(684.) The inferior aspect of each of these tentacles is profusely 
clothed with cilia, and this side is thinner than the dorsal. The jicri- 
* Dr. Williaine. loc. cif. p. 194. 
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toneal fluid, wliich is so richly corpusculated, and which freely enters the 
hollow axes of all these tentacles, is thus brought into contact vnih. -the 
surrounding water. 

(085.) In addition to the two important uses already assigned to the 
tentacles in the Terebelloe, they constitute also tlie real agents of loco- 
motion. They nrc first outstretched by the forcible ejection into them of 
the peritoneal fluid, a process which is accomplished by the undulatory 
contraction of the body from bc^hind forwards ; they are then fixed \i\n\ 
so many slender cables to a distant surface ; and then, shortening in 
their lengths, they haul forwards the helpless carcass of the worm. 

(GSG.) In the Tcu'obella), in conseciuencc of the concentration of the 
tentacles and branchiae around the head, the blood-system at this extre- 
mity of the body discovers a great increase of development. The peri- 
toneal fluid in this genus is veiy voluminous and densely c.oipusculated ; 
the system of the blood-proper is, notwitlistanding, elaborate and full- 
formed. The chamber of the peritoneum is one undivided space, — the 
segmental partitions of the Earthworm and the Leech being here re- 
placed by limited bands proceeding from the intestine to the integu- 
ment, tying together these two cylinders — so, however, as to permit one 
to move within the other with remarkable freedom. 

(687.) The great dorsal vessel in Terehella nebulosa is limitft to the 
anterior of the body (fig. 134, a). It emanates chiefly from a large 
circular vessel (h) embracing the oesophagus, and which receives all the 
blood from the intestinal system. In this species, therefore, the primary 
and intestinal dorsal trunks over the whole intestinal region are united, 
or the former vessel is superseded by the latter. 

(688.) On the dorsal view of the oesophagus, a large, pulsatile, fusi- 
form vessel (a) is displayed on the first laying open of the integument in 
a longitudinal direction. Slightly attached to the structure on which 
it rests, it appears as if suspended in the fluid of the peritoneal cavity. 
Advancing to the occipital ring, it breaks out into six branches {d)y of 
which three proceed to the branchise of eacdi side, while the reduced 
continuation of the original trunk furnishes minute ramusculcs to the 
tentacles, in the hollow axes of each of which an afferent and efferent 
vessel is contained, surrounded by the peritoneal fluid, which penetrates 
to the remotest ends of these oxcpiisite organs. Both from the ten- 
tacles and branchiffi the blood now retuims into the great ventral trunk 
(c), which to the posterior extremity of the body is distinct from, and 
independent of, the intestinal system (/). Erom this tnink branches 
are detached on either side of the median line for the sup2fly of the feet 
and integument. 

(689.) At the point corresponding with the circular vessel (fig. 134, h), 
the primary ventral sends off a considerable division for the supifly of the 
intestinal system. The current, therefore, entering the glandular 
parictos of the intestine is purely arterial in this genus ; for it is un- 
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mixedly composed of blood returning from the tentacles and branchia', 
by both of which the function of respiration is performed. Jlerc', again, 
there exist but two principal directions in which the blood circulates, 
viz. longitudinally and transversely, or circu- 
larly, the former currents being connected with 
the latter. The circular vessel (fig. 1 34, h) acts 
like an auricle ; it receives the blood from the 
intestinal system and delivers it into the great 
dorsal (a). The alimentary canal is embraced in 
this genus, as in all Annelids, by a framework of 
longitudinal and transverse vessels (/), in which 
the blood moves backwards below, and forwards 
above. 

(690.) In the dissection of Terehella nehf- 
losa, figured by Milne-Edwards, a large vessel 
(fig. 135, 1) is readily distinguishable towards the 
anterior part of the animal, running along the 
median line of the back, and situated imme- 
diately beneath the integuments. This vessel 
rests upon the alimentary canal, and exhibits 
irregulat contractile movements whereby the 
blood contained in its interior is propelled from 
behind forwards, and consequently performs the 
functions of a heart ; and if we would compare it 
with what exists in the higher animals, it might 
be considered as physiologically representing a 
pulmonic ventricle, seeing that the vessels that 
convey the blood to the branchiae for the pur- 
poses of respiration take their origin from its an- 
terior extremity • Roapiratory and circula- 

(691.) By its posterior extremity, the great 
dorsal trunk receives the blood which it is ap- 
pointed to propel through the branchial organs, from several large veins 
which arc, for the most part, adherent to the walls of the intestine 
(fig. 134,/), from which they receive a multitude of branches derived 
from the rich vascular network distributed over the intestinal walls. 
The principal veins, however, that communicate with this tubular heart 
are two large transverse trunks which form a ring around the digestive 
canal, beneath which they unite and become continuous with a large 
median trunk (fig. 135, Ji) that runs along the under surface of the in- 
testine, from which, in the same manner as the dorsal veins, it receives 
numerous lateral branches derived from the vascular network already 
mentioned. Lastly, there is a small medijin trunk, situated upon the 
internal surface of the integuments of the back (fig. 135, m), into which 
open the veins derived from the different segments of the body, and 
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whicli likewise communicates with the dorso-intestinal vessel by nume- 
rous anastomosiuo' ramifications. 

(()92.) The \ essels above onumcratcfl may bo considered as consti- 
tutinf>* the general venous system of the body; and the blood which 
they convoy to the dorsal trunk is, 
by’ the contractions of that vessel, 
in groat part distributed to the 
braiuhiin through three pairs of 
branchial ai'tciies derived imme- 
diately from th ( ' dorsal heart. Still, 
however, all the blood thus mo'vung 
from behind forwards is not con- 
veycid to the branchial organs, since 
a certain portion finds its waiy 
through a small median vessel to 
the labial organs and (jcphalic ten- 
tacula. 

((>93.) Aft(T having passed 
through the branchial organs, the 
renovated blood is received by ves- 
sels which unite to form a median 
trunk (fig. 135, o) that runs be- 
neath the alimentary tube and im- 
mediately above the ventral chain 
of nervous ganglia. This ventral 
trunk is continued along the whole 
length of the body, and gives off 
opposite to each ring a pair of trans- 
verse vessels, which, after having 
supplied branches to the integu- 
ment and locomotive organs, bend 
upwards, to bo distributed over the 
walls of the intestine, where their 
ramifications contribute to form the 
vascular network above alluded to. 

(694.) The ventral vessel and its ramifications fulfil, therefore, the 
functions of an arterial system ; and consequently tho branchi© them- 
selves must be regarded as the agents employed in propelling the blood 
through the systemic circulation. These organs, indeed, may be ob- 
served, at intervals, to contract with considerable energy, and thus 
materially to assist in urging the blood through the arterial rami- 
fications. 

(695.) M. do Quatrofages observes* that both in tho Erratic andTubi- 
colous Annelidans the sexes are separate, and states that the generative 
* “ M^moire sur lea Hevmellicns,” Ann. dcs Sci. Nat. 3 s6r. 1848. 
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apparatus, both in the males and females, is restricted to the abdominal 
portion of the body. According to this distinguished anatomist, the 
testicle consists of a kind of areolar web of extreme delicacy, wliicli, 
arising from a median aponeurosis, adheres to the internal and inferior 
surface of , the general cavity, rising as high as the middle of the di- 
gestive canal. The tenuity of this tissue is such that it is impossible 
to procure more than small fragments for microscopic examination. 

(696.) The ovary is in cveiy respect similar to the testicle ; ])crhaps 
its texture may be rather firmer, but not sufficiently so to bo adapted 
for satisfactory histological distinction. 

(097.) In the males as well as in the females, but more especially in 
the latter, during the period of reproduction a pigment is secreted in 
great abundance, which lines the generative organs ; but in proportion 
as the ova or zoosperms become developed, the amount of this pigment 
diminishes. Both the ovary and testicle are evidently temporary organs, 
no traces of them being distinguishable in the generality of specimens ; 
and moreover, in proportion as their products become developed in the 
general visceral cavity, th^ become gradually atropliied. When the 
male secretion is at maturity, a jet of water washes away the sperma- 
tozoids, and no trace of the testicle is left ; on the contrary, when the 
sperm i immature, washing still leaves behind a delicate web almost 
resembling a light cloud. 

(698.) The segmental organs in the genus Terehella, in all essential 
particulars, agree in their general structure with those of Arenicola, 
They differ in number in different species : thus, in Terehella nehu- 
losa there arc sixteen pairs, in T. conchlhfja only six, and in T. multi- 
setosa twenty-four. The testes in the mule Terebclla, according to 
Dr. Williams, are the lateral pouches or true segmental organs ; in the 
female, these arc the ovaria : the generative products in both sexes are 
early introduced into the general cavity, in the fluid of which they 
become rapidly developed. There exists, however, in the TercbcUm a 
large glandular mass extending from the head, along the median line, 
to some distance in the direction of the tail. This glandular-looking 
organ coincides internally with the smooth, foot-like, dense tegument- 
aiy structure observable on the thoracic half of the abdominal aspect 
of the body externally, and has been described by Cuvier, Milne - 
Edwards, Dc Quati’efuges, Grube, Stannius, and others as the testes. 
It would seem however, from the researches of Dr. Williams, that they 
have nothing to do with the generative system. They arc present alike 
in the male and in the female. They consist of follicles filled with large 
fatty particles; and their office seems to bo to supply the lubricating and 
cementing fluid by which the animal forms and moulds its tube. 

(699.) In these Erratic Annelidans, according to M. do Quatrefages*, 
the eggs, as well as the spermatozoids, which exist in a very nidimentary 
* “ Sur le Sang des Ann61ides,” Ann. des Sci. Nat. 1846. 
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condition in the ovary or the testicle, break loose into the abdominal 
cavity, where, insulated from all the solid parts, and without any con- 
nexion with tJic vascular system, they undergo all the principal phases of 
their development. It appears,” says M. de Quatrefages, ** that the 
liquid which thus bathes them on all sides must be vitalized, and that it is 
from it that they receive the materials necessary to enable them to grow 
to ten times their original size ; in fact, this fluid acts the part of an 
ovaiy and of a testis to them. The liquid enclosed in the general cavity 
of the body of the Annclidans is therefore in some respects a fluid organ.” 

(700.) The sperraatogenous masses floating in the fluid contained in 
the general cavity of this Annelid are irregularly ovoid, and present 
themselves, as is usual, in diflbrent stages of development. At first 
they are perfectly diaphanous, smooth, and manifestly homogeneous, 
without any trace of an enveloping membrane. The dimensions attained 
by them in this condition reach to as much as -ji^-th of a miUimetre in 
length, and ^rd of a millimetre in breadth. 

(701.) At this epoch they may be seen to exhibit two grooves, cross- 
ing each other at a right angle, and whoso direction does not appear to 
present any constant relation with the form of the mass itself. The 
number of grooves soon increases, and they become more marked and 
deeper, and the mass, after having presented a surface subdi^ded into 
largo irregular lobes, assumes a mulberry-like Jispect, and ultimately 
becomes completely granular. During the time that these phenomena 
are being manifested, the mass continues to increase in volume, and in 
its ultimate condition it is sometimes ^th of a millimetre long by nearly 
-y^^th of a millimetre broad. 

(702.) The masses, when a little further advanced, split up, and the tail 
of the spermatozoids is then apparent. The spermatozoids continue to 
adhere together for some time longer by their bodies, as well as to the 
granulations not yet transformed : ultimately they are gradually separated, 

(703.) At the moment when the spermatozoids separate themselves 
from the minute masses of which they constitute a part, their body is 
almost fusiform, and perhaps not more than yj-^yth of a millim. long and 
^T-,yth of a millim. thick ; but they grow during tlie time they remain 
in the fluid that bathes them: the body and the tail elongate, and, 
besides this, the former increases considerably in its transverse dia- 
meter. Among spermatozoids quite mature, some will have attained to 
a length of -g^th of a millim., and a breadth of yJ-ij^th of a millim. 

(704.) According to Dr. "Williams*, here, as elsewhere throughout the 
class of Annelidans, the segmental organs are to be regarded as the 
primary parts of the reproductive system. Throughout the Nereid 
group, the ciliated, horseshoe-shaped segmental organ exists. It con- 
sists of a tube, highly ciliated, both ends of which communicate with 
the eocterior : the ingoing limbs are situated in the immediate vicinity of 
* Phil. Trans. 1858, p. 124. 
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eacL dorsal foot; the outgoing limbs, considerably longer and more 
tubular than the former, open externally to the median side of the root 
of each ventral foot. The cilia with which this horse-shoe tube is 
lined are highly vigorous, and capable of supporting a powerful current, 
which arises externally and terminates externally ; but, as Br, Williams 
asserts, the ova in the female and the sperm-cells in the male escape, 
although in some undetermined mode and by some undemonatrated 
passage, from this organ into the complexly areolated tissue which fills 
the chamber of the pedal appendages, which is a development of the 
segmental organ, and in size and vascularity is proportionate to the 
stage at which the contained germinal elements have arrived. 

The following observations of M. Sars*, relative to the embryogencsis 
of these worms, are extremely interesting and important : — 

(705.) In Polynoe cirrata the months of February and March are the 
period of propagation, when the body assumes a pale rose colour, arising 
from a numberless quantity of eggs, which fill the abdominal cavity, with 
the exception of about the first anterior fourth, and appear everywhere 
through the skin. When the animal is opened, the eggs appear to hang 
together in masses by means of a connecting tenacious mucus. In 
other individuals the eggs occur on the top of the back of the mother, 
beneath Che dorsal scales, in immense numbers, surrounded by a tena- 
cious mucus. The heaps of eggs cover the whole hinder half of the 
back, but, more anteriorly, only the sides above the bases of the feet. It 
would seem that the eggs pass out through a very small aperture just 
above the feet, as Rathke found in the case of Nereis puhatoria. Here, 
protected beneath the dorsal plates, the eggs remain until the young 
escape. In the meantime the yelk undergoes the usual process of mul- 
berry-fission, until it becomes finely granular. The ova become slightly 
oval ; and the foetus (into which the entire yelk is converted, without any 
part whatever separating) is smooth, greyish white, and more or less 
narrowly enclosed in chorion. A peculiar kind of motion was now ob- 
servable on placing the separated ova under the microscope, the ova 
turning round and round: this was effected by a very short fringe, 
which is seen now and then to move slowly and curve in a worm-like 
form, drawing the egg with it backwards and forwards. The foetus 
itself, which gradually acquires a white greyish-green colour, is still 
without motion in most of the ova : only, in a few a circle of extremely 
minute projecting and vibrating cilia was perceptible, which surrounds 
horizontally the centre of the body of the foetus, at an equal distance 
from the two poles of the ovum. At last the foetus arrives at maturity, 
and the mother now carries on her back many thousands of young ones, 
which gradually come forth from the mucus surrounding the eggs, leave 
their mother, and swim freely about in the water, visible to the naked 
eye as very minute greenish-grey points (g^fh of a millimetre in size) 
* Sars, Wiegm. Archiv, 184.5, part 1. 



EMBRYOLOGY OP THE ANNELIDANS. 


275 


endowed with lively motion. They are extremely unlike their parent 
both in form and structure, being short, oval, cylindrical, and devoid of 
segmentation, furnished with a circle of long cilia around the centre of 
the body, but otherwise without external organs, The portion of the 
body situated anteiidr to the ciliary circle is somewhat narrower than 
the hinder one, and bears two eyes : this is the head ; and the yoimg one 
always swims with this extremity in front. Frequently these young 
animals revolve, during swimming, around their longitudinal axis. Their 
sight is distinctly developed ; for they avoid each other with adroitness, 
and always swim towards the light. The time from the extrusion of the 
young to the laying of the eggs may probably amount to a couple of 
weeks. 

(706.) Many interesting particulars relative to the development of 
various genera belonging to the class under consideration have been 
ascertained by Milne-Edwards*. In the Terebellce (fig. 136), according 
to the observations of this distinguished naturalist, the young, on leaving 
the egg, have no resemblance whatever to the adult animal, insomuch 
indeed that it would be difficult to guess, d priori y the class to which 
they really belonged. On their fii*st ap 2 )earancc upon the stage of active 
existence they might be mistaken for the ciliated larvae of certain Polyps 
or Medusae, presenting no traces of the annuloso typo of Structure 
(fig. 13G, 1) : in the course of a short time, however, their bodies be- 
come elongated, and they begin to a^ume somewhat of a bilateral or 
symmetrical form, the body of the . young Terobella becoming distin- 
guishable, divided into four zones or rudimentary segments, the pos- 
terior of which is still provided mth a ciliary apparatus (fig. 136, 2). 
Shortly after this, a fifth ring (fig. 136, 3, d) begins to make its ap- 
pearance in the space situated between the penultimate and terminal, 
and rudiments of a mouth and alimentaiy canal become distinguishable. 
The growth of the young Annelidan now begins to advance rapidly ; and 
its body is rendered more worm-like as new segments arc progressively 
added to its length, these all successively making their appearance in 
the space between the last-foimed ring and the anal or terminal joint 
of the body ; so that the relative position of the newly developed seg- 
ments is precisely in accordance with their respective ages, except in 
the case of the last segment, which is persistently terminal. Meantime 
the larva ceases to be, as it was at first, completely apodous ; simple 
subulate setic, supported upon minute fleshy tubercles, begin to show 
themselves on both sides of the body, the development of these loco- 
motive appendages being accomplished in the same order of sequence as 
that of the segments, namely from before backwards. 

(707.) At this period of their growth the young TerehellcB present 
the appearance of minute subcylindrical worms (fig. 136, 4), and the 

* “ Rccherches Zoologiques faites pendant un Voyage sur les Cotea de la Sicilo, par 
M. Mi’ne-Ed wards,” Ann. des Sci. Nat. for 1844. 
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different viscera in the interior of the body become very clearly de- 
fined. 

(708.) The digestive apparatus is now distinctly perceptible : ante- 
riorly it presents a kind of fleshy bulb (fig. 136, 4 , p ) ; then a short 
cylindrical oesophagus, followed by a capacious ovoid stomach (r), the 
contents of ndiich aj^pear to ho still saturated with the coloured sub- 
stance of the vitellus, and an intestine (s), which commences at about the 
posterior third of the body. The glandular structures near the anterior 
part of the animal now become apparent, and the subcutaneous muscles 
clearly distinguishable ; still it is remarkable that, even in the most 
transparent portions of the creature, no traces of a vascular system can 
bo detected. 

(709.) In the course of three or four days more, the cilia have com- 
pletely isappearod from the surface of the body, which now presents 
all the characters of one of the erratic Annelids, but in no respect re- 
sembles the tubicolous genera to which the creature really belongs. The 
young larva, in short, is furnished with a distinct head, an antennary 
organ, eyes, and feet armed with subulate sotno ; while the adult Tere- 
bellm are acephalous, being destitute both of antennae and eyes, and 
having feet preluded with hook-like appendages. 

(710.)^‘Mter the larva has been furnished with one or two additional 
pairs of feet, the head begins to be changed in its shape (fig. 136, 5), a 

Fig. 136. 


6 



Development of Terehella nebulota. (After Milne-Eilwnrdti.) 

transverse constriction makes its appearance at a little distance in front 
of the eyes, and its anterior lobe, which thus becomes distinctly defined, 
is seen to be studded near its free margin with a series of stinging 
vesicles, some of which are armed with little spinc-like filaments. The 
post-cephalic ciliated coUar becomes at the same time much narrower, 
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and forms a prominent ridge underneath the head, that constitutes a 
kind of upper lip. In the course of two or three days more, the anterior 
ceplialic lobe {13G, 6, a) becomes perfectly distinct from the oculifcrous 
segment, and is much elongated, taking a cylindrical form, and consti- 
tuting a very flexible median appendage, having all the characters of an 
antenniform organ. Its axis is occupied by a canal that communicates 
with the general cavity of the body ; and a fluid may be seen to circu- 
late in its interior. The natatory cilia have almost entirely disap- 
peared both from the neck and from the posterior extremity of the 
body ; and the young Terehella in this condition presents itself exhibit- 
ing all the characters of an Annelid belonging to the erratic group — 
not, as yet, at all resembling any of the tubicolous genera, of which it 
is a member. 

(711.) Having become deprived of the locomotive cilia with which 
they were previously furnished, the larvse now cease swimming and 
begin to enclose themselves in a kind of mucous substance, which gra- 
dually solidifies, so as to form a cylindrical tube open at both extremi- 
ties. The first period of their existence, during which they lead an 
erratic life, then closes, and they begin to assume the habits of their 
parents. The ventral oars, with their armature of terminal booklets, 
are successively developed in a regular series from before baciwards, as 
additional segments are added to 
the length of the body. The ten- 
tacular appendages next begin to 
be developed from the sides of the 
head. But it is not before the body 
has acquired thirty-eight or forty 
pairs of feet that the branchial 
apparatus makes its appearance, 
under the form of two simple tu- 
bercles developed from the lateral 
regions of the neck ; those, how- 
ever, rapidly enlarge, and soon 
assume the functions which, in the 
adult animal, they are destined to 
perform. 

(712.) The structure of the 
nervous system in the Annelida 
conforms, in its arrangement, with 
the general type common to the 

. ., ,, Plan of thi; nervous system in the 

articulated classes. A considerable Porsibranchiate Annelidans. (After 

supra- oesophageal mass (fig. 137, Quatrefages.) 
a a) represents the encephalon, in front of which are situated minute 
ganglia (5, c, d, e\ from whence nerves are derived to supply the prin- 
cipal instruments of sensation connected with the cephalic portion of 
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the animal. The circiim-oesophageal ring (71 w) is strongly marked, 
communicating on each side \nth the ventral series of ganglia ( 0 , j>) 
that extends throughout the entire length of the body, giving off nerves 
to supply the diflercnt segments. Communicating with the posterior 
aspect of the encephalic ganglia arc several small ganglionic masses (/, /t, 
?, m), which arc joined together by delicate filaments, and apj^arently 
represent the sympathetic system, inasmuch as from them are derived 
filaments supplying the alimentary canal and the principal viscera. 

(713.) In Torrea 
vitrea (an Annelid the 
transparency of which is 
such that, when plunged 
into sea- water, its pre- 
sence is only distinguish- 
able from the bright red 
colour of its eyes and a 
double line of violet- 
coloured spots that ex- 
tend along its back), 

M. de Quatrefages* was 
enabled t'o examine the 
structure of the organs 
of vision in a verj^ satis- 
factory manner. The 
eyes in this species arc 
only two in number; and, 
indeed, they constitute 
by far the larger part 
of the creature’s head, 
forming two very con- 
siderable prominences 
that are almost con- 
joined in the mesial line 
of the body. The in- 
tegument, which is here 
extremely thin and per- 
fectly diaphanous, passes 
over the ocular globe, and evidently in this case performs the functions 
of a transparent cornea (fig. 138, 1, a), A thick fibrous stratum, repre- 
senting the sclerotic (r?), encloses the eye, and becomes continuous with 
the sheath, likewise fibrous (A), of the optic nerve (g'). The colourless 
sclerotic presents upon one side a largo irregularly-rounded aperture 
that is partly closed by a sort of choroid of a brownish colour (6), in the 
centre of which is an almost circular pupil surrounded with a border of 
* Ann. des Sci. Nat, 1850. 


Fig. 138. 



Structure of the eye in Torrea viirea, and of the supposed 
auditory apparatus in Arenicola (after Quatrefages). 1. 
a a, integument passing in front of the eye, and forming a 
transparent cornea ; &, c, granular eellular tissue enclosing 
the globe of the eye ; d, external surface of reticular pig- 
mental membrane ; /, internal surface of the same, seen 
through the pupillary oi>erture,' e, the iris; g, the ciystal- 
line lens; g’, optic nerve; h, sheath of ditto, derived from 
the dura mater ; t, k, vascular trunks fonuing a circle around 
the base of the eyeball. 2. Auditory apparatus of an 
Arenicolu : a, acoustic nerve ; b, c, cellular tissue investing 
the auditory capsule ; d, otolithic masses. 3. Auditory ap- 
paratus of Amphicorgne a, cellular tissue; 6, auditory 
capsule : e, otolith. 
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a deep })luo colour. Through the pupillary opening it may be perceived 
that the interior of the eye is lined by the choroid, and that the whole 
interior of the ocular (japsule is filled up with a vitreous humour so ab- 
solutely transparent that the crystalline lens situated in its centre seems 
to be in connexion with nothing. On the outside of the eye the optic 
nerve can be plainly seen arriving at the eyeball and expanding to form 
the rethia. The eyes of other Annclidans arc, however, when present, 
by no moans so easily examined; they may, however, from the re- 
searches of Midler*, Wagner t, JRathkcJ, and Sicbold§, bo briefly stated 
to consist of a round transparent medium or lens enclosed in a layer of 
pigment, and provided posteriorly with a retinal expansion. 

(714.) All apparatus to which the functions of an organ of hearing 
have been attributed by several eminent anatomists is met with in 
some Annelidans. Grube and Stannius || first announced a very remark- 
able structure in Arenicola, the existence of which has been confirmed 
by subsequent observers, that certainly resembles very closely in its 
conformation an organ common among the MoUusca, to which a sinfilar 
function has been generally conceded ; this consists of a transparent 
membranous capsule (fig. 138, 2 & 3, a, hy c) enclosing a fluid, wherein 
one, or sometimes several minuto bodies, having every appearance of 
otoliths, are suspended. M. do Guatrefagos describes thes^ auditory 
capsules as being situated in the first or second segment of the body, one 
on each side of the opening of the oesophagus, and observes that a nerve 
of considerable size is distinctly traceable in them. 

(715.) Many of the smaUer marine Annelids are luminous; their 
luminosity, however, is not a steady glow like that of the glow-worm 
or fire-fly, but a series of vivid scintillations (strongly resembling those 
produced by an electrical discharge through a tube spotted with tin-foil) 
that pass along a considerable number of segments, lasting for an instant 
only, but capable of being repeatedly excited by any irritation applied 
to the body of the animal. These scintillations may be observed even in 
separated segments if they be subjeeted to the irritation of a needle- 
point or of gentle pressure ; and it has been ascertained by M. de Quatre- 
fages that they are given out by the muscular fibres in the act of con- 
traction If. 

* Ann. des Sci. Nat. t. xxii. t leones Physiologieso, pi. 28. 

} De Bopyro et Nereide, pi. 2. figs. 4 & 5. 

§ Lehrbueli der vergleiehenden Anatomic, p. 200. 

II Lelirbuch der vergleiehenden Anatomic von Siobold und Stannius, p. 201. 

^ See his Memoirs on the Annelida of La Manche, in Ann. des Sci. Nat. s^r. 2. 
t. xix. and s^r. 3. t. xiv. 
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CHAPTER XI. 

MYRIAPODA*. 

(716.) The Annclidans examined in the preceding chapter, with the 
singular exception of the Earthworm, are only adapted to an aquatic 
life : the soft intognment which forms their external skeleton, and the 
setiform and tentacular organs appended to the numerous segments of 
their elongated bodies are far too feeble to support them in a less dense 
and buoyant element ; so that when removed from their native waters 
they are utterly helpless and impotent. Supposing, however, that, as a 
more matter of speculation, it was inquired by what means animals of 
similar form could be rendered capable of assuming a terrestrial exist- 
ence, so as to seek and obtain prey upon the surface of the earth, and 
thus represent upon land the Annolidans of the ocean, a little reflection 
would at once indicate the grosser changes required for the attainment 
of such aPt object. To convert the water-breathing organs of the aquatic 
worms into an apparatus adapted to aerial respimtion would bo the 
first requisite. The second would be to give greater density and firm- 
ness to the tegumentary skeleton, to allow of more powerful and accu- 
rately-applied muscular force by diminishing the number of segments 
composing the annulose covering, and also, by converting the lateral 
oars into jointed lovers of support sufficiently strong to sustain the 
weight of the whole body, to provide instruments of locomotion fitted 
for progression upon the ground. Yet all these changes would be in- 
efficient without corresponding modifications in the character of the 
nervous system : the lengthened chain of small ganglia found in the 
aquatic worms would bo quite inadequate to wield muscles of strength 
adapted to such altered circumstances ; the small encephalic brain would 
be incompetent to correspond with more exalted senses ; so that, as a 
necessary consequence of superior organization, the nervous centres must 
be all increased in their proportionate development to adapt them to 
higher functions. 

(717.) The changes which our supposition infers would be requisite 
for the conversion of an aquatic Annelidan into a land animal are 
precisely those which we encounter when we turn our attention from 
the creatures described in the last chapter to the Myeiapoda, upon the 
consideration of which we are now entering : they form the transition 
from the red-blooded worms to the class of Insects, and are intermediate 
between the two in every point of their structure. 

* /ivpia, ten thousand, i. e. many ; ttovs, a foot. 



JULIDiE. 


281 


(718.) The body of a Myriapod consists of a consecutive scries of 
segments of equal dimensions, but, unlike those of the generality of the 
Annelida, composed of a dense seraicalcarcous or else of a firm cori- 
aceoiLS substance ; and to every segment is appended one or two pairs 
(*f articulated legs, generally terminated by simple points. 

The anterior segment or head, besides the organs belonging 
to the mouth, contains the instruments of sensation, consisting of simple 
or compound eyes, and of two long and articulated organs called an- 
tennee, generally regarded as approiniated to the sense of touch, but 
which probably are connected with other perceptions less intelligible 
to us. 

(720.) The air required for respiration is taken into the body through 
a series of minute pores or spiracles placed on each side along the 
entire length of the animal, and is distributed by innumerable rami- 


fying tubes or trachea) to all parts of the system. 

(721.) The number of segments, and consequently of feet, increases 
progressively with age, — circumstance which remarkably distinguishes 
the Myriapoda from the entire class of Insects, properly so called. 

(722.) The Myeiapoua may be divided into two families, originally 
indicated by Linnaeus : the Judidee, or millepedes, and the Scolopen- 
drid(Bf or centipedes, each of which will require our notice. 

(723.) Jtjlidje. — The lowest division, which derives its name from 


the JulaS) or common millepede, is 
most nearly allied to the Annclidans, 
both in external form and also in the 
general arrangement of its different 
organs; this therefore we shall first 
examine, and select the Julas ter- 
7'estrisy one of the species most fre- 
quently met with, as an example of 
the rest. These animals (fig. 139, a) 
are generally found concealed under 
stones, or beneath the bark of decayed 
timber, where they find subsistence 
by devouring decomposing animal and 
vegetable substances. The body is 
long and cylindrical, composed of be- 
tween forty and fifty hard and brittle 
rings, which, with the exception of 
those forming the head and tail, differ 
but slightly from each other. Every 
segment supports two pairs of minute 


Fig. 139. 



Julu^ ferretttris. A, in the act of pro- 
gression; 1), the same rolled np in a sitiral 
form ; C, segments of the body magnifled, 
showing tli(» nuxle of attachment of the 
feet (t, p) on each side of the mesial line 
(r) of the abdomen. 


feet, arising close to the mesial line upon the under or ventral surface ; 


but these feet, although distinctly articulated (fig. 139, c, p), are as yet 
extremely small in comparison with the bulk of the animal, and are 
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evidently but mere rudiments of the jointed legs developed in more 
highly organized forms of homogangliate beings ; the movements of the 
Julus are, consequently, very slow, and the creature 9eems rather to 
glide along the ground, supported on its numerous but almost invisible 
legs, than to walk. When at rest, the body is rolled^ in a spiral form 
(fig. 139, b), the feet being concealed in the cononvity of the spire, and 
thus protected from injury. 

(724.) The mouth resembles in structure that of thq Jarva) of some 
insects, and is furnished with a pair of stout homy jaws, moving hori- 
zontally, and provided at their cutting e^s with sharp donticiilations, 
so as to render them effective instruments in dividing the fibres of rotten 
wood, or the roots and loaves of vegetable substances usually employed 
as food ; and the alimentary canal, which is straight and very capacious, 
is generally found filled with materials of this description. 

(725.) In most points of their internal organization, the Myriapoda 
resemble insects ; and we should only anticipate the observations that 
wiU be more conveniently made hereafter did we enter into any minute 
description of their anatomy : we shall therefore, in this place, simply 
confine ourselves to the notice of those peculiarities observable in the 
animals imdor consideration whereby they are distinguished from in- 
sects anC entitled to rank as a distinct class. We have seen that, in 
such of the Annelida as have been most carefully investigated, the ori- 
fices of the sexual organs are situated near the anterior part of the body, 
not, as is invariably the case among insects, at the caudal extremity : 
in this particular the Julidee still present analogies with the red-blooded 
worms ; for in them the external openings of the male parts arc situ- 
ated immediately behind the base of the seventh pair of legs, and are 
found to be placed upon minute mammillary protuberances, which are 
each furnished with a sort of hooked scale, adapted to hold the female 
during the process of impregnation. 

(726.) In the female also, the sexual orifices are advanced very far 
forward, being situated in the vicinity of the head, between the first 
and second segments ; the sexes, however, as in insects, are perfectly 
distinct, and the conformation of the internal organs coincides with that 
type of structure which is common to the insect orders. 

(727.) The male generative organs of Julus arc two elongated and 
partially convoluted tubes, placed side by side beneath the alimentary 
canal. The excretory ducts, or terminations of these tubes, run towards 
the anterior part of the body, where they terminate in two minute in- 
tromittent organs, situated at the under surface of the seventh segment, 
immediately behind the seventh pair of legs. As they pass backwards, 
the secerning tubes, or testes, gradually separate from each other, and 
have developed from their sides, at short distances from each other, 
mimcrous small glandular cieca, which doubtless constitute the se- 
creting portions of the apparatus, or proper testes. The two efferent 
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ducts, whereby the secretion of those caeca is conveyed out of the body, 
intercommunicate freely by means of short transverse canals, and, from 
the sacculated appearance that they present towards their termination, 
appear likewise to perform the office of reservoirs for the seminal fluid. 

(728.) In the fen^ Julus, the organs of reproduction are as simple 
in their structure as^^tCNse of the male. They consist of a single elon- 
gated bag or oviductj covered on its exterior surface with a very great 
number of ovisacs or Caeca of various sizes, each of which secretes but a 
single ovum. This oviduct e^^^nds backwards beneath the alimentary 
canal from the vaginal outlet, which is double, and situated in the fourth 
segment of the body, behind the second pair of legs. In the pregnant 
female the oviduct appears smooth externally, being distended with the 
ova that have passed into it from the ovisacs where they were formed, 
and which arc retained in readiness to be deposited immediately after 
intercourse with the male. 

(729.) The ova, when fully developed, are found to present all the 
structures belonging to a perfectly formed egg, — the yeUcythe germinal 
vesicle with its macula, the memhrana vifelli, the albumen, and likewise 
the shell, lined by the memhrana externa, or chorion, being all distinctly 
recognizable. 

(730.) Another important distinction between these anifllals and 
insects properly so called, is met with in the mode of their growth and 
development. Insects (as we shall more fujly explain hereafter) undergo 
a more or less complete change in their outward form as they advance 
through several preparatory stages to their mature state : during the 
progress of these changes, that constitute what is usually called the 
metamoqjhosis of insects, they are invariably unable to perpetuate 
their species ; and it is only in their last or perfect condition, which is 
ordinarily of very short duration, that the sexual organs attain their per- 
fect development and are fit for reproduction. In this state all true 
insects have six legs, which is one of the most important characters of 
the class. The Myriapoda likewise undergo several changes of form as 
they advance to maturity ; but these changes principally consist in the 
repeated acquisition of additional legs ; so that in their perfect condition, 
instead of the limited number of six legs met with in insects, these 
organs have become extremely numerous. The progress of these trans- 
itions from their immature to their fuUy-doveloped state has been well 
observed by De Geer* and Savif; and the result of their observations 
is here given, in order that the reader may compare the difibrent steps 
of the process with what we shall afterwards meet with in the more 
highly organized Articulata. 

(731.) The eggs (fig. 140, a), which are very minute, are deposited 

* M6moire8 pour sorvir h, THistoire des Inscctes. 7 vols. 4to. Stockholm, 1778. 
f Osservazioni per abrvire alia storia di una specie di Julus comunissima. 
Bologna, 1817. 
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in the earth or vegetable mould in which the Jiihis is usually mot with. 
When first hatched, the young Myrisipod is of course exceedingly dimi- 
nutive ; at that period it resembles a microscopic kidney-bean, and is 
completely destitute of legs or other external organs. After a few days 
the embryo tTulus changes its skin, and, throwing off its first investment, 
appears divided into distinct segments, and furnished with a head, a pair 
of simple eyes, a pair of antennaj, and six jointed legs attachc'd to the 
anterior rings of the body (fig. 140, b, c). Some days subsequent to its 
first moult, the skin is'again 
cast, and the millepede, ac- 
quiring larger dimensions, is 
seen to possess seven j)air8 
of ambulatory extremities, 
which are, however, still 
placed only upon the anterior 
segments (fig. 140, n). When 
twenty-eight* days old, they 
again throw ofl^ their outward 
covering, and assume, for the 
first time, their adult form ; 
they thdh consist of twenty- 
two rings, and have twenty- 
six pairs of feet; but, of 
these, only the eighteen an- 
terior pairs are used in pro- 
gression, At the fourth moult 
the number of logs is in- 
creased to thirty- six pairs; 
and at the fifth, at which time the body becomes composed of thirty 
segments, there are forty-three pairs of locomotive organs. At last, in 
the adult state, the male has thirty-nine and the female sixty-four rings 
developed ; but it is not until two years after this period that the sexual 
organs appear and the animals become capable of reproduction. 

(732.) The development of the young Julus has been traced more 
recently by Mr. Newport with great care ; and the result of that gentle- 
man’s observations relative to this part of the histoiy of the Myriapods 
is of extreme interest, both to the physiologist and in an entomological 
point of view. 

(733.) The embryo, when it first becomes distinguishable in the in- 
terior of the ovum, is entirely destitute of limbs, or of any appearance 
of segmental division, and even at the moment of its escape from the egg, 
which is effected by the laceration of the egg-shell, but very faint traces 
of segmentation are discernible. After its extrusion, however, its growth 
advances with considerable rapidity, and it soon becomes visibly divided 
into eight distinct segments, including the head (fig. 141, a)— the ninth 


Fig. 140. 



Growth of young Julvi terreatri*, (After De Geer.) 
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or anal segment (d) being still indistinct. The four thoracic segments, 
moreover, now exhibit on their ventral surface little nipple-shaped pro- 
tuberances, three of which on each side are the rudiments of future legs. 
No internal viscera are as yet distinguishable, the whole embryo being 
still a congeries of vesicles, or cells, in the midst of which some faint 
traces of a future alimentary canal seem to be indicated. In this state 
the body of the embryo is completely enclosed in a smooth and perfectly 
transparent membrane (fig. 141, a, c), which seems to contain a clear 

Fig. 141. 


A C 1) 



Development of the embryo in Julm terreatrig. (After Newport.) 


fluid. This membrane Mr. Newport regards as the analogue of the 
amnion — the vitelline or investing membrane of the embryo in the higher 
animals, and identical with the memhrana vitelli, or proper membrane of 
the yelk. It is a shut sac that completely invests the embryo, except at 
its funnel-shaped termination at the extremity of the body (fig. 141, a, d), 
where it is constricted, and, together with another membrane (which 
in the unburst egg is external to this and lines the interior of the shell), 
assists to form the cord or proper funis {d) that enters the body of the 
embryo at the posterior part of the dorsal surface of the future ante- 
penultimate segment, where the mucro or spine exists. in the adult animal. 

(734.) A new process is now about to commence — the development of 
new segments. Up to the present period the posterior part of the body 
remains less distinctly divided into segments than the anterior, the first 
five segments being the most distinctly marked ; the sixth and seventh 
now become more defined. It is in the membrane (fig. 141, c,/) that 
connects the seventh with the eighth segment (at the posterior margin of 
which last the fiinis (d) enters, and which is permanent as the penulti’^ 
mate segment throughout the life of the animal) that the formation of 
new segments is taking place. At this period it is only a little, ill- 
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defined space, that unites the seventh and eighth segments into one mass ; 
but in proportion as the anterior parts of the body become developed, 
this part is also enlarged, not as a single structure, but as a multiplica- 
tion or repetition of similar structures. 

(735.) About the seventeenth day the little embryo is ready to leave 
the amnion in which it has been hitherto enveloped. Its body is found 
to have become considerably elongated, the increase of length being 
mainly occasioned by the growth of the posterior segments, but more 
especially by the development of new ones, which now begin to make 
their appearance in the antepenultimate space (fig. 141, c,/), which is, 
in fact, the proper germinal space or germinal memhraney whereby the 
production of all the future segments is effected. The seven anterior 
segments, including the head, are now greatly enlarged, and the hitherto 
minute penultimate and anal segments (8, 9) become much enlarged, and 
rapidly acquire the form they afterwards retain through the life of the 
animal. This latter fact shows that it is not merely by an elongation 
and division of the terminal segment that the body of the Julus is de- 
veloped, but that it arrives at its perfect state by an actual production of 
entirely new segments, the formation of which is in progress long before 
they are apparent to the eye, and that the original segments of the ovum 
into whfch the animal is first moulded are permanent. 

(736.) The manner in which new legs arc produced is equally curious. 
Up to the present period the animal is furnished with only three pairs 
(fig. 141, c, h (j), but four additional pairs are nevertheless in progress 
of formation. These, at present, exist only as eight minute nipple- 
shaped prominences on the under surface of the sixth and seventh seg- 
ments (fig. 141, c, 6, 7), four on each, covered by the common integu- 
ment, which, as in the larval condition of insects, is a deciduous mem- 
brane. The newly-formed legs, however, go on rapidly increasing in 
size until about the twenty-sixth day, when, throwing off the skin in 
which it has hitherto been encased, the young Julus presents itself 
with seven pairs of legs and a body consisting of fifteen segments 
(fig. 141, e). 

(737). In this condition the body of the animal still continues to 
elongate, not by the division of the already-formed segments into others, 
but always by the formation of new ones in the germinal membrane 
that extends from the posterior margin of the antepenultimate segment 
to the penultimate, which last segment, as well as the anal, undergoes 
no change ; and it may likewise be observed that that segment of the 
newly-formed portion of the body is always furthest advanced in growth 
which is immediately posterior to the last segment which possesses 
legs, — and then, the next in succession, until we arrive at the terminal 
ones (the penultimate and the anal), that never have legs appended to 
them. 

(738.) On again casting its skin, the new segments of the body pro- 
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duced at the former change, from the eighth to the twelfth inclusive 
(fig. 141, E, 8-12), are become of the same sizo as the original ones, and 
each has developed from it two additional pairs of legs, so that the 
whole number becomes increased to thirty-four ; and thus at each 
change of skin the number of new segments and of additional legs is 
increased, by development from the germinal membrane, until the full 
complement is acquired. 

(739.) ScoLOPENDBiDJE. — In the second 
family of Myriapoda we have a very striking 
illustration of the manner in which the de- 
velopment of the nervous centres proceeds 
stop by stop with that of the external 
limbs. The slow-moving Juhdae possess, 
in their rudimentary feet, organs adapted 
to their condition ; and their feeble powers 
of locomotion are in relation with their 
vegetable diet and retiring habits. But in 
the predaceous and carnivorous Scolopendra 
(fig. 142), which, although it lurks in the 
same hiding-places as the JuliiSy obtains its 
food by pursuing and devouring insects, 
far greater activity is indispensable; and 
accordingly we find the segments of the 
body, and the extremities appended to 
them, exhibiting a perfection of structure 
adapted to greater vivacity and more ener- 
getic movements. 

(740.) This is at once evident upon a 
mere inspection of their outward form ; the 
individual segments composing the animal 
are much increased in their proportionate dimensions, and, instead of 
being cylindrical, each division of the body is flattened and presents a 
quadrangular outline. In order to give greater flexibility to the animal, 
instead of the semicrustacoous hard substance which forms the rings of 
the Julus, the integument is here composed of a tough and horny sub- 
stance, forming two firm plates, one covering the back, the other the 
ventral aspect of the segment, while all the lateral part is only incased 
in a flexible coriaceous membrane, with which the individual rings are 
likewise joined together. Such an external skeleton is obviously calcu- 
lated to give the greatest possible freedom of motion, and thus to enable 
the Scolopendra to wind its way with serpent-like pliancy through the 
tortuous passages wherein it seeks its prey. 

(741.) The ventral chain of ganglia belonging to the nervous system 
presents a series of nervous centres of dimensions proportioned to the 
increased bulk of the segments in which they are lodged, and becomes 
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thus fitted to direct the movements of more perfect limbs. The legs, 
therefore, as a necessary consequence, are now proportionately powerful, 
divided into distinct joints, and provided with muscles calculated to 
bestow on them that activity essential to the pursuit and capture of 
active prey. Thus, then, by a simple concentration of the nervous 
masses composing the abdominal chain of ganglia, we have the slow- 
moving and worm-like Julus (which we have seen to bo, in consequence 
of its feebleness, restricted to live upon i*oots and dead substances) con- 
verted into the carnivorous and powerful Scolopendray well able to wage 
;3ucccssful war with the strongest of the insect tribes, and not unfro- 
quently formidable, from its size, even to man himself. 

(742.) The mouth of the ScoUpendra is a terrible instrument of 
destruction, being provided not only with horny jaws resembling those 
of insects, hereafter to be described, but armed with a tremendous pair 
of massive and curved fangs ending in sharp points, and perforated 
near their termination by a minute aperture, through which a poisonous 
fluid is most probably instilled into the wound inflicted by them. It is 
to this structure that the serious consequences which in hot climates not 
unfrequently result from the bite of one of these animals must no doubt 
bo attributed. 

(743.^* In their internal anatomy the Scolopendiidce resemble insects 
even more nearly than the Julus, The alimentary canal is straight and 
intestiniform, but of much smaller diameter than that of the vegetable- 
eating Myriapoda. It presents an oesophagus and a small muscular 
gizzard ; but there is no perceptible division into stomach and intestine. 
The respiratory and circulating systems, so far as they arc understood, 
seem to correspond with what we shall aftenvards find to exist in the 
larva? of insects. 

(744.) In the Scolopendridce, as wc learn from the researches of 
Mr. Newport*, the heart is enclosed in a distinct membranous covering, 
which may be regarded as a true pericardium, consisting of a loose deli- 
cate membrane, between which and the sides of each chamber of the 
heart there is a slight interspace. The heart itself is a long pulsating 
organ, corresponding in its general structure and position with the 
dorsal vessel of insects ; it is situated immediately beneath the integu- 
ments, and runs along the mesial lino of the dorsal region of the body, 
consisting of a series of chambers, twenty-one in number, that com- 
municate with each other and extend through the entire length of the 
animal from the tail to the cephalic segment. 

(745.) The minute structure of the heart is exceedingly interesting. 
This organ is composed of two distinct contractile tunics, one external 
and the other internal, each being covered by its proper serous mem- 
brane. The external tunic is a very thick muscular layer, the fibres of 
which are loosely interwoven vrith each other. The internal tunic is 
* Phil. Trans. 1843. 
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composed of two sets of muscular fibres, of which the inner stratum is 
disposed longitudinally, while the external one is formed of numerous 
short, broad, transverse muscular bands, very much resembling in ap- 
pearance the cartilaginous rings of the trachea in vertebrated animals. 
They do not completely encircle the longitudinal ones, but pass only half- 
way round on each side, leaving a space between those of the two sides, 
both upon the upper and under surface. 

(740.) From each, compartment of the heart proceed the systemic 
arteries, which supply nearly the whole of the blood to the viscera and 
latiu’ul portions of each segment. The anterior pair of these systemic 
arteries, however, instead of being distributed like the rest, form a vas- 
cular collar, which, after surrounding the oesophageal tube (to which, and 
to the different parts belonging to the cephalic segment, it gives off 


numerous branches), unites beneath the oesophagus to form the great 


supra- ganglionic vessel or aortic 
tiiink,extondingbackwards along 


Fig. 143. 

2 


the middle lino of the body, 
immediately above the centres 
of the nervous system (which it 
supplies plentifully with blood), 
as far as the terminal ganglion 
in the last segment, giving off 
in its course numerous aitorial 
canals, which ramify extensively 
in the surrounding stnicturcs. 
The return of the blood from the 
various viscera to the dorsid ves- 
sel is effected, as iu insects, by 
lacunar or interstitial channels, 
as will be explained in the next 
chapter. 

(747.) In the position and ar- 
rangement of the sexual organs, 
the Scolopendrida) conijdete the 
transition between the Anne- 
lidans and Insects properly so 
called; for while in Julus wo 
have found them still occuiiying 
the anterior part of the bodyas in 
the former class, in Scolopendra 
they are removed to the tail. 
The structure of the male organs 




(fig. 143, 2) is remarkable. The l. Female, and 2. Male gencratiye system of 
testes are seven in number ; and Scolopendra. 


on opening the posterior segments of the animal, they are found closely 
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packed in parallel lines : cacli testis is composed of two fusiform parts 
precisely similar to each other ; and from both ends of every one of 
those, which are hollow, arises a narrow duct ; so that there are four- 
teen pairs of ducts arising from the fourteen secreting organs. The 
ducts all end in a common canal, which gradually becomes enlarged and 
tortuous, and terminates by a distinct aperture in the vicinity of the 
anus. Just prior to its termination, the common ejaculatory duct com- 
municates with five accessory glands (fig. 143, 2, c, c?(^, ^ foiu’ of 
which are intimately united until unravelled, while the fifth is a simple 
cajciim of considerable length*. 

(748.) The ovarian system of the female Scolopendra is a single tube 
(fig. 143, 1), without secondary ramifications, but receiving near its 
termination the ducts of accessory glands, as represented in the figure. 

(749.) Some Scolopendrm (S. phosphor ea) emit, in the dark, a strong 
phosphorescent light ; and one species (S. electrlca) is able to give a 
powerful electrical shock to the hand of the person who inadvertently 
seizes it. 


CHAPTER XII. 

i 

INSECTA. 

(750.) Thk word Insect has at different times been made use of in 
a very vague and indeterminate manner, and applied indiscriminately 
to various articulated animals f. In the restricted sense in which we 
now use it, we include under this title only sucli of the IIo^io- 
GAXGLiATA as ill thcir perfect or mature state are recognizable by the 
following characters, by which they are distinguished from all other 
creatures. 

(751.) The body, owing to the coalescence of several of the segments 
which compose their external skeleton, is divided into three principal 
portions — the Bead, the Thorax, and the Abdomen. The Head contains 
the oral apparatus and the instruments of the senses, including the 
antennm or feelers, which are articulated organs presenting great variety 
of shape, but invariably only two in number. The Thorax, formed by 
the union of three segments of the skeleton, supports six articulated 
legs, and sometimes four or two wings ; these last, however, are fre- 
quently wanting. The Abdomen is destitute of legs, and contains the 
viscera connected with nutrition and reproduction. 

(752.) But insects, before arriving at that perfect condition in which 
they exhibit the above-mentioned characters, undergo a series of changes, 

* Vide Cyclop, of Anat. and Phys., art. “ Generation, Organs of” (Comp. Anat.). 
t The word Insect, derived from the Latin word inseefa, simply means divided 
into segments. 
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both in their outward form and internal structure, which constitute what 
is generally termed their metamorphosis. When this is complete, as for 
example in the Butterfly, the insect, after leaving the egg, passes through 
two distinct states of existence before it arrives at maturity and assumes 
its perfect form. The female butterfly lays eggs which, when hatched, 
])roducc, not butterflies, but caterpillars — animals with elongated w'orm- 
like bodies divided into numerous segments, and covered with a soft 
coriaceous integument (fig. 14B, a). The head of the caterpillar is pro- 
vided wdth horny jaws and several minute eyes : the h^gs are very shod, 
— six of them, which are attached to the anterior rings, being homy and 
pointed, while the rest, of variable number, appended to the posterior 
part of the body, arc soft and membranous. The caterpillars, or larvoi^^ 
live for some time in this condition, and frequently change their* * * § skin 
as they increase in size, until at length, the last skin of the larva being 
thrown ofi*, the animal presents itself in quite a different form, enveloped 
in an oblong case, without any external limbs, and almost incapable of 
the slightest motion — resembling rather a dead substance than a living 
creature ; it is then called a chrysalis, nymphy or pupa f (fig. 148, n). 

(753.) On examining attentively the external surface of this pupa, 
we may discern, in relief, indications of the parts of the Butterfly con- 
cealed beneath it, but in a rudimentary condition. After tome time 
the skin of the pupa bursts, and the iwa^o, or perfect insect, issues forth, 
moist and soft, with its wings wet and crumided ; but in a few minutes 
the body dries, the wungs expand and become stiff, and, from being a 
crawler upon the ground, the creature is converted into a gay and active 
denizen of the air (fig. 148, c). 

(754.) Such is the progress of the metamorj)hosis wdien complete ; but 
all insects do not exhibit the same phenomena. Those genera which, in 
their mature condition, have no wdiigs, escape from the egg under nearly 
the same form as they will keep through life ; these form the Lisecta 
AmetaholaX of authors: and even among those tiibes w'hich, when 
perfect, possess instmments of flight, the larv^a fre(iuently difters from 
the complete insect only from its wanting wings, and the pupa is re- 
cognizable by being possessed of these organs in an undeveloped or 
rudimentary state: an example of this is seen in the House-cricket 
(flg. 145), in Avhich a represents the imago ; a, the pupa ; c, the full- 
grown larva ; n, the young just hatched ; and e, the eggs. 

(755.) The extensive class of Insects has been variously arranged by 
different entomologists, and distributed into numerous orders §. Among 

* So called, by Linna'us, because in tin's condition the perfect form of the insect is 
concealed as it were under a mask. Larva, Lat., a mask. 

t The first two of these names are purely fanciful : the last is derived from pupa, 
a baby wrapped up in swaddling bands, 

t d, without ; fierafioXij, change. 

§ The eluhsification of Impels here given is lhal of Burmeister, which We select 
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the different systems which have been given, we select the following as 
best calculated to render the reader acquainted with the transforma- 
tions, as well as the principal forms, to which allusion will bo made in 
subsequent pages. 

(756.) I. Insecta Ametabola. — The hirva resembles the perfect 
insect, but is without wings. The pupae of such species as have wings in 
their imago state possess rudiments of those organs. The pupa runs 
about and eats. 

a. With sucking mouths composed of four fine set® lying in a 
sheath. 

(767.) Ist Order. Hemijptera *, — ^In such insects of this order as 
possess wings, which when present are always four in number, the an- 
terior or upper pair are generally coriaceous in their texture for one- 
half of their extent, while the posterior portion is thin and membranous, 
— a circumstance from which the name of the order is derived. The 
Notonecta, or Water-boatman (fig. 144), is a familiar example : c and n 

Fig. 144. 
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represent immature, and f mature, larvae. The pupa (o, n) differs little 
in outward form from the perfect insect (e), but possesses only the rudi- 
ments of wings. 

/3. Having mouths furnished with jaws, or distinct mandibles and 
maxUlse. 

(758.) 2nd Order. Orthoj)tera'\. — ^In this order the perfect insect 
possesses four wings, the posterior pair being the largest ; and when at 

without giving any opinion as to its relative merits compared with others ado])ted by 
different entomologists, but simply as being most convenient for our present purpose. 
(Manual of Entomology, translated from the Gtorman of Dr. Hermann Durmcistcr 
by W.E.Shuckard. 8vo. 1836.) 

* i/fii<rvs, half ; irrepop, a wing. 


t dpOus, straight ; irrcpov. 
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rest, these are folded both in a transverse and longitudinal direction. 
The anterior mngs are of a denser texture, resembling leather or parch- 
ment. To this order belongs the common House-cricket ( Orylhis domes- 
turns), of which, as well as of its eggs, larva), and pupa, figures are here 
given (fig. 145). 

(759.) .‘5rd Order. Dictyotoptera * . — ^This order comprises the Cock- 
roaches, in which the wings are four in number when they exist ; but 
they are generally of equal size, and never folded. 

Fig. 145. 



(rrylluB domcaticiiB. 

(760.) II. Insecta Metaeola. — The larva is a worn cither mth or 
without legs. The pupa is quiescent ; or if it moves, it does not eat. 

(761.) 4th Order. Neiiropteraf, — Insects having four equally largo 
or equally long wings vdth reticulated nervures, and mouths provided 
with strong lateral jaws. The most perfect examples of this order are the 
Dragon-flies (Libellula), the largest of the insect inhabitants of our own 
country. The perfect insect (fig. 146), equally remarkable for its beau- 
tiful form, powerful flight, and carnivorous habits, is among the most 
formidable tyrants of its class ; while the larvae, which abound in our 
ditches and stagnant pools, are eminently destructive to their aquatic 
companions. The larva (fig. 147, «) possesses six iirticulated legs ; 
while the pupa (a), which certainly forms an exception to tho general 
rule given above, is not only furnished with rudimentary wings, but is 
eminently rapacious, and possesses in the structure of its mouth, to bo 

^ SiKTVMrbs, reticulated ; are/oiv, a wing, 
t vevpovy a nerve ; irrepov^ 
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described hereafter, peculiar facilities for gratifying its bloodthirsty 
disposition. 

(762.) In other orders, the wings are always unequal, — the posterior, 
and sometimes both pairs, not iinfrcquently being wanting. 


Fig. 140. 



a. Mouth adapted to sucking. 

(763.) 5th Order. Diptera *, — ^Instead of posterior wings, we find 
in this order pedunculated appendages called halter es or poisers. The 
mouth contains a soft proboscis, and is usually armed with several seta; 
and provided with a pair of palpi: of such the common House-fiy 
affords a familiar instance. 

(764.) 6th Order. Lepidopteraf , — The insects belonging to the 
Lepidopterous order are possessed of four wings, which are generally 
covered with microscopic scales, frequently exhibiting the most beau- 
tiful colours. The larvae are provided with feet and a distinct head ; the 
mouth of the perfect insect is a long spiral proboscis. 

(765.) The Butterflies, so conspicuous for their beauty, arc well-known 

* ^iVrepos (^IS, nrepov), with two wings. f XfTris, a scale ; Trrrpiiv. 
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representatives of this order ; and the usual forms of these insects in 
the larva, pupa, and imago state are familiar to all (fig. 148, a, b, c). 

p. Moutlis with distinct biting jaws. 

(706.) 7th Order, ffi/menoptera *, — Possessing four naked wings 

traversed by ramose iicrvurcs. 

Larvae generally witliout head or Fig. 147. 

feet, but sometimes with both. ^ / 

Wasps, Bees, &c. 

(7()7.) 8th Order. Coleoptera . — 

In tliis last order, the anterior 
wings are converted into dense 
horny cases or elytra, beneath 
which the posterior pair, adapted 
to flight, arc folded up when the 
insect is at rest. The larvae pos- 
sess a head, and arc sometimes 
provided with feet, but not always. 

(768.) The Coleopterous divi- 
sion of the insect world embraces 
the extensive tribe of Beetles, both 
tcrricolous and aquatic ; of the 
former wc have an example in the 
common Cockchafer (Melolontha), 
of which a figure is here given, as 
well as of the different stages of 
its development (fig. 149, a, b, c, 

D, E)t. 

(769.) Having thus introduced 
the reader to the chief orders com- 
posing the vast class of Insects, 
our next object must be to examine 
more in detaU the principles upon Metomorpho... of 

which those animals are con- 
structed, both as regards their external organization and the nature 
and arrangement of their internal parts. We shall speak of them in 
the first place only in their perfect condition, leaving all observations 

* -evos, a membrane ; Trrepdv, a wing. 

t It would be foreign to our present purpose to do more than enumerate other 
Orders of Insects which have been formed by different authors. Of these, the following 
are the most important : — 

Dermapfera (Leach), Sipfia, skin ; irrepov. Earwigs (Forficula). 

Trichoptera (Leach), OpiK, rpix^s, hair ; rrrepov. May-flies (Phryganea). 

(Kirby), invisible; irrepov. Fleas (Palex). 

Aptera, aTrrepos, without wings. Wingless insects. 

Parasita (Latreille). Lice (Pediculus). 

Thysanoura (Latreille), Ovadv-ovpos, bushy -tailed. Spring-tails (Lepismenae). 




290 


INSECTA. 


relative to the metamor- 
phoses to which they are 
subject for subsequent 
consideration. 

(770.) Insects, exa- 
mined generally, differ 
from all other articu- 
lated beings in one re- 
markable circumstance : 
they are capable of 
flight, and can maintain 
themselves in the air by 
means of wings. It is 
true, indeed, that some 
species are met with, in 
all the orders described 
above, which arc apte- 
rous, being destitute of-, 
such organs ; but these 
form exceptions, to bo 

noticed h(feafter. Such Metamon.hose.ofi.pidoptor. 

a mode of progression, through so rare a medium as that of the atmo- 
sphere, necessarily demands an exercise of muscular power of the most 



Fig. 149. 



Metamori>hoBeB of JIfehhvfha. 


EXTEENAL FRAMEWOEK OF INSECTS. 2‘)7 

vigorous and active description, and a correspondent strength and firm- 
ness in the skeleton upon which the muscles act. It is sufficient to 
cast a glance at the external construction of any of the Annclidans or 
Myriapoda whicli have come under our notice, to be convinced that in 
such animals flight would be impossible imder any circumstances. Their 
long and flexible bodies jwesent no point to which efficient wings could 
be appended ; neither is any part of their divided skeleton possessed of 
sufficient strength to support the action of muscles so forcible and ener- 
getic as would be indispensable to wield the instruments used in flying, 
or raise the body above the surface of the ground. 

(771.) Similar changes, therefore, to those which we found requisite 
in order to convert the aquatic Annelid into the terrestrial ^lyriapod, 
must be still further carried out before the animals last mentioned could 
be adapted to become inhabitants of the air. The number of segments 
composing their elongated bodies must be materially reduced ; certain 
parts of the skeleton must be strengthened in order to sustain the efforts 
of muscles sufficiently strong to raise the weight of the animal ; and, in 
the last place, the nervous ganglia, by a like concentration of hitherto 
separated parts, must be gathered into masses of increased power, suffi- 
cient to animate the more vigorous muscles with which th^ are in 
relation. ^ 

(772.) Such changes are precisely those which are most remarkable 
when wo compare the external appearance of a centipede with that of 
a winged insect : the entire number of segments, and consequently the 
proportionate length, of the latter is obviously reduced. The head is 
seen to be more distinct from the rest of the body, to which it is con- 
nected by a moveable joint. The three anterior segments of the trunk 
become largely developed, and, from the density of their substance, form 
by far the strongest part of the skeleton, constituting what is called the 
thorax of the insect; they are, moreover, generally united together, 
especially the two posterior, so as to be consolidated, as it were, into 
one piece ; and to these rings only, the organs of locomotion are ap- 
pended. The remaining segments of the body are much less firm in 
their texture, especially in insects with hard or homy wing-covers, in 
which indeed they arc almost of a membranous consistence, so as to 
increase, as far as possible, the lightness of the animal in parts where 
strength is not required. Here, then, is an annulosc skeleton adapted 
to flight ; dense and unyielding where support is recpiircd for the at- 
tachment of the locomotive organs, but thin and flexible elsewhere. 

(773.) The above conditions being required in the arrangement of 
the pieces which compose the outward framework of the body in insects, 
we may easily conceive that the mode of union between the various 
segments above described is by no means a matter of indifference, inas- 
much as very different degrees of motion are required between the in- 
dividual rings. In the Annelida and Myriapoda a very simple kind of 
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junction was sufficient ; for in them the segments were all united hy 
the mere interposition of a thinner coriaceous membrane extending be- 
tween their contiguous margins ; but in insects several kinds of articu- 
lation are met with in the construction of the trunk, adapted to the 
mobility of different regions. 

(774.) The first mode of connexion is effected by suture, or rather 
by a species of ** harmony,'^ as it is technically termed by anatomists ; 
two plates of the skeleton being accurately and immoveably fitted to each 
other, but without being decidedly fastened together by serrated edges. 
This kind of junction is met with in the thorax, and serves an important 
purpose ; for at the point of union both plates are bent inwards, and 
prolonged internally, so as to form numerous partitions and processes, 
from which the muscles moving the wings and legs derive extensive 
origins. 

(775.) A second means whereby the pieces of the thorax are fastened 
together is by symphysis, in which a somewhat soft membrane is inter- 
posed between two plates, so as to admit of a slight degree of motion. 

(776.) More extensive movement is required between the pieces 
which compose the abdomen ; for in this region, that rigidity and firm- 
ness which arc essential in the construction of tho thorax would be 
highly (ftsadvantageous, inasmuch as the abdominal viscera must be 
subject to constant variations in bulk, caused either by food taken into 
the intestines, or, in the case of the female, by the development of tho 
eggs after impregnation. The rings of tho abdomen are therefore 
imited by a membrane passing from one to another, — ^but so loosely, 
that the edges of the individual plates wrap over each other to some 
extent, and thus may be separated by the slightest pressure from 
within. 

(777.) But in other regions there is an absolute necessity for a mode 
of communication intermediate in character between tho two kinds men- 
tioned above, having neither the firmness of the one nor the mobility 
of the other. This is more especially the case in the junction between 
the head and the anterior segment of the thorax, and also between the 
last-named segment and the middle piece of the thorax, in those cases 
where these two parts are not joined by suture. Tho joint employed 
in this case is of very beautiful construction, resembling in some respects 
that formed by a baU and socket ; a conical prolongation of one seg- 
ment is admitted into a smooth cavity excavated in the corresponding 
margin of the other, and secured in this position by muscles and an ex- 
ternal ligament. Such an articulation is of course capable of being 
firmly fixed by muscular action, but at the same time admits of sufficient 
freedom of motion to allow rotation in all directions. 

(778.) The legs of insects, as we have already stated, are invariably 
six in number, one pair being •attached to each of the three thoracic 
segments. Considered separately, every leg may bo seen to consist of 
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several pieces, connected together by articulations of ditferent kinds, 
which require our notice. The first division of the leg, or that in im- 
mediate connexion with the thorax, to which it is united by a kind of 
ball-and-socket joint enclosed in a strong membranous capsule and 
possessing very various degrees of motion in different insects, is called 
the hip (coa^a) ; and upon this, as upon a centre, the movements of the 
limb are performed. To the extremity of the coxa a small moveable 
piece is attached, called the trochanter ; to which succeeds the thigh 
{ femur), which is the thickest and most robust of all the divisions of 
the limb. The next piece, called the shank {tibia), is occasionally of 
considerable length, and is connected to the last by a hinge ; to its 
extremity is appended the foot {tarsus), composed of a consecutive series 
of small segments, varying in number from five to one, the last of which 
is armed with claws, or other appendages, adapted to different kinds of 
progression. Those divisions of the leg the reader will easily recognize ; 
they are fer the most part united together by articulations so constructed 
as to allow simply of flexion and extension, which will be best under- 
stood by inspecting, in some large insect, the junction between the femur 
and the tibia, or the knee-joint, as we might terra it. Upon the upper 
extremity of the tibia the observer will find on each side a precise semi- 
circular furrow, behind which is a concentrical but smaller rifige, and 
still further back a circular depression or fossulet. On examining the 
corresponding surfaces of the femur, he wi^l detect a ridge accurately 
corresponding to the above-mentioned furrow ; behind this, a furrow 
corresponding to the preceding ridge ; and still further back, a minute 
elevation adapted to the fossulet of the tibia, wherein it is fastened by a 
minute but very strong ligament. Such ridges and grooves, when fitted 
into each other, form a joint evidently admitting of a free and hinge- 
like motion, while, from its structure^ dislocation is almost impossible; 

(779.) The above genciral description of the leg of an insect will 
prepare us to examine various modifications in outward form and 
mechanical arrangements by which these simple organs are adapted to 
progression under a great diversity of eircumstances. When, indeed, 
we reflect how extensively this class of animals is distributed, and the 
variety of situations in which insects live, wo arc led to expect corre- 
sponding adaptations in the construction of their instruments of loco- 
motion ; and in this our expectations will not bo disappointed. 

(780.) In the generality of terrestrial species, the last segment of 
the tarsus or foot is provided with a pair of strong horny hooks, which 
are available for many purposes, being used either for creeping upon 
a moderately rough surface, for climbing, or for clinging to various 
substances. • 

(781.) Such simple hooks, however, would not always serve. In the 
case of the louse {Pediculus) for example, that is destined to climb 
slender and polished hairs, such prehensile organs could be of little use. 
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The stnicturc of the foot is therefore modified : the tarsus in this iiiseet 
terminates in a single movcahlo (daw, which bends hack upon a tooth- 
liko process derived from the tibia, and thus forms a pair of forceps, 
fitted to grasp the stem of the hair and secure a firm hold. 

(7B2.) Many insects, especially those of the Dij)terom order, arc able 
to ascend the smoothest perpendicular planes, or even to run with 
facility, suspended by their feet, in an inverted position, along substfinccs 
which, from their polished suidliccs, could afford no hold to any ajipa- 
ratus of forceps or booklets. In the common flies {Muscidev), the exer- 
cise of this faculty is of such everyday occurrence, that, wonderful as it 
is, it scarcely attracts the attention of ordinary observers. The foot of 
the House-fly, nevertheless, is a very curious piece of mechanism ; for, 
in addition to the recurved hooks possessed by other climbing species, it 
is furnished with a pair of minute membranous flaps (fig. 150, c), which, 


Fig. 160. 



FfPt of insccta : — A, F, Dy/wetw. v, Bilnofebrilvi. c, Muttea domeslica. D, Cimbex lutea. 

F., AbysBinian GrasshoppcT. 

under a good microscope, are seen to be covered with innumerable hairs 
of the utmost delicacy : these flaps, or suckers, as they might be termed, 
adhere to any plane surface with sufficient tenacity to support the whole 
weight of the fly, and thus confer upon it a power of progression denied 
to insects of ordinary construction. 

(783.) In Bibio febrilis (fig. 150, b), the sucking disks appended to 
the foot are three in number, but in other respects their conformation 
is the same. 
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(784.) In Cimlx .o laiea (fig. 150, n) the arrangement of the suckers 
is different, one large and spoon-shaped disk being attached to the 
extremity of each tarsal joint. Moreover, in this case there is another 
singular structure : two spur-like organs project from each side of the 
extremity of the tibia, each being provided with a sucking disk, while 
the two together form a strong prehensile forceps. 

(785.) In some Water-beetles {Dytiscklw) the feet are armed with a 
still more elaborately constructed apparatus of suckers ; but in this case, 
as they are only met with in the male insect, they perhaps ought rather 
to be looked upo7i as a provision made for the purpose of securely hold- 
ing the female during sexual union, than as being specially connected 
with locomotion. 

(780.) In tlie anterior logs of the male Dytiscxis the first three joints 
of the tarsus are excessively dilated, so as to form a broad circular 
palette: on examining the inferior surface of this expanded portion 
under a microscope, it is seen to be covered with an immense number of 
sucking-cups (fig. 150, f), two or three being much larger than the rest ; 
but they form collectively a wonderful instrument of adhesion. 

(787.) The middle pair of legs of the same beetle (fig. 150, a) exhibit 
a somewhat similar structure ; but in this case the disk upon which 
the sucking apparatus is placed is much elongated, and the suckers arc 
all of small dimensions. 

(788.) In the female Dytiscus (fig. 152, c) this configuration of the 
tarsus is wanting ; and moreover the surface of the back is marked with 
deep longitudinal grooves that do not exist in the male insect, but seem 
to be an additional provision for facilitating the intercourse of the sexes 
in these powerful aquatic beetles. 

(789.) Another mode of progression common among insects is by 
leaping, to which, from their extraordinary muscular power, these little 
beings arc admirably adapted. The common Flea, for example {Piilex 
irritans) (fig. 153), will leap two hundred times its own length ; and 
many Orthoptera possess a i)owcr of vaulting through the air scarcely 
less wonderful, of w^hich the Cricket afibrds a familiar instance. In such 
insects (fig. 145, a, n) the thighs of the posterior legs are enormously 
dilated, and the length of these limbs is mucli greater than that of the 
anterior pair. When disposed to leap, such insects bend each hind-leg, 
so as to bring the tibia into close contact with the thigh, which has 
often a longitudir.al furrow, armed on each side with a row of spines, to 
receive it. Tho leg being thus bent, they suddenly unbend it with a 
jerk, when, pushing against the j>lano of 2)Osition, they 8])ring into the 
air*. In many of these saltatorial tribes the tarsus is furaished with 
very curious ajjpendages, cither provided for tho pur 2 )ose of obviating 
any jar when the animal alights from its lofty leaps f, or else they may 
* Kirby and Spence, Introduction to Entomology, 4 vole. 8vo. 
f Sir E. Home, Phil. Trans. 1810. 




Crrjilotalpa vulgaris. 

segment of the thorax, whereimto the fore-legs are appended, is won- 
derfully enlarged and of great strength, while the legs themselves are 
equally remarkable for their enormous bulk and muscularity. The tibia 
is excessively dilated, and terminates obliquely in four sharp and strong- 
spines. The whole of the tarsus would, at a first glance, appear to be 
wanting ; but on inspection it is found to consist of three joints placed 
upon the inner side of the tibia, the first two being broad and tooth- 
shaped, while the last piece is very small and armed with two hooks. 
The direction and motion of these hands is outwards, thus enabling the 
animal most elfectually to remove the earth when it burrows ; and, by 
the help of such powerful instruments, it is astonishing how rapidly it 
buries itself*. 

(791.) Similar examples of adaptation in the mechanical structure of 
the legs of insects might be multiplied indefinitely ; we shall, however, 

* Kirby and Sponce, Introd. to Ent. vol. ii. p.362. 
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select but one othei- illustration before leaving tins 2:>art of our subject, 
namely the conversion of these organs into instruments for swim- 
ming, whereby, in aquatic insects, they become adapted to act as oars. 
Nothing is, perhaps, better calculated to excite the admiration of the 
student of animated nature than the amazing results obtained by the 
slightest deviations from a common type of organization ; and in ex- 
amining the change's required in order to metamorphose an organ which 
we have already seen performing such a variety of offices into fins 
adapted to an aquatic life, this circumstance must strike the mind of 
the most heedless observer. The limbs used in swimming exhibit the 
same jjarts, the same number of joints, and almost the same shape, as 
those employed for creeping, climbing, Icajung, and numerous other 
puiqjoses ; yet how difFerent is the function assigned to them ! In a 
common Water-])cctlc already referred to, the Di/ttscus mavyinalia 
(fig. 152, c), the two anterior paim of legs, that could be of small service 

Fig. h)2. 



M»'tamori,»how*8 of Dyimus. 

as instruments of propulsion, arc so small as to appear quite dispropor- 
tionate to the size of the insect, while the hinder pair are of great size 
and strength ; the last- mentioned limbs are, moreover, removed as far 
backwards as possible, by the development of the hinder segment of the 
thorax, in order to approximate their origins to the centre of the body ; 
and the individual segments composing them arc broad and compressed, 
so as to present to the water an extensive surface, which is still further 
enlarged by the presence of flat spines appended to the end of the tibia, 
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as well as of a broad frinj?e of stiff hairs inserted all around the tarsus. 
The powerful oars thus formed can opcni until they form right angles 
with the axis of the body, and from the strength of their stroke arc ^\'ell 
adapted to the piratical habits of their possessors, who wage successful 
war, not only with other aquatic insects and wonns, but even with small 
fishes, the co-inhabitants of the ponds Avherein they live. 

(792.) The same principles are carried out even more perfectly in 
the construction of tlic swimming-legs of the Watcu'-boatman (Nolo- 
necta), a kind of >\’ater-bug. The resemblance of this creature (fig. 1 14, 
0 , h) to a boat with its oars cannot esca])c the most inattentive exa- 
miner ; and the similarity is still further increased by its manner of 
smmming ; for, as it preys upon insects that have been accidentally 
drowned by falling into the water, it usually rows itself about upon its 
back, because in such a position it can best watch for its victims. 

(793.) The wings of insects, when present, are invariably attaclied 
to the two posterior segments of the thorax, which, as wo have alrciuly 
seen, are strengthened in every jiossible manner, so as to afford a sup- 
port of sufficient density and finnness to sustain the violent cxcrtimis 
of the muscles inserted into the organs of flight. 

(794.) In the most 2)erfeetly organized families the wings are four in 
number jr^as in the Ncuro 2 )tera (fig. 14()), the Hymenoptera (fig. 173), 
the Orthoptera (fig. 145), the Dictyoptera, the Hemiptera (fig. 144), 
the Lepidoptera (fig. 148), and the Coleoptera (fig. 149). 

(795.) In the Dipterous insects there are only two wings, which are 
fixed upon the central segment of the thorax ; while, in the 2 >osition 
usually occu 2 )ied by the posterior pair, we find a 2 )air of 2 )cdunculatcd 
globular bodies, generally named the halteres or poisers, as in the Gnat 
(Cule.v) (fig. 177, p). 

(796.) But, in every one of the orders above enumerated, there are 
certain families which, throughout the whole j)eriod of their existence, 
are never provided with wings at all ; and these by many entomologists 
have been formed into an order by themselves, under the name of A 2 Jte- 
rous insects. In the 02 )inion of Burmeister*, whose classification we 
have adopted, such an arrangement is purely artificial, inasmuch as it 
must embrace insects of most dissimilar kinds. In proof of this, he ad- 
duces the fact that, in the same family, wo not unfrequently meet with 
both winged and apterous species, nearly related to each other ; and in 
many cases the males possess wings, while the females of the same insect 
arc entirely destitute of such appendages. In such cases, the metamor- 
phosis is necessarily what is called incomplete, inasmuch as the organs 
which characterize the perfect state are not developed. Thus, in the 
Flea {Pulex irritSis) (fig. 163) the wings never become apparent, and 
in consequence the thorax, even in the imago state, does not exhibit 
that development and consolidation of its parts invariably met with in 
^ Manual of Entoin. p. 623. 
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mngcd genera. The Flea, however, cannot on this account ho looked 
iipon as any other than the imago or complete insect, for it will he 
found to have undergone aU the preparatory changes. The Flea, when 
it issues from the egg, is in fact a worm-like and footless larva, in which 
condition it lives about twelve days. When about to become a pupa, it 
spins for itself a little silky cocoon, wherein it conceals itself until, 

Fig. 153. 



Puk‘i irritans. 

having thrown off its last skin, it appears in its mature form, deprived 
indeed of wings, that, under the circumstances in which it li^s, would 
bo useless ai)pendagcs, hut still, with this exception, corresponding in 
every particular with other insects in their imago state. 

(797.) The wings of insects differ much in texture. In the Nmro- 
j)tera, by far the most powerful fliers met with in the insect world, all 
four wings are of equal size, and consist of a thin membranous expansion 
of great delicacy and of a glassy appearance, supported at all points by 
a horny network (fig. 146). Few things arc met with in nature more) 
admirable than these structures ; they present, indeed, a combination of 
strength and lightness absolutely unequalled by anything of human in- 
vention ; and as instruments of flight they far surpass the wings of birds, 
both in the power and precision of their movements, inasmuch as these 
insects can fly in all directions — ^backwards, or to the right or left, as 
well as forwards. Leeuwenhoek^ narrates a remarkable instance in 
which ho was an eye-witness of the comparative capabilities of the 
Dragon-fly and the Swallow, as relates to the perfection of their flight. 
The bird and the insect were both confined in a menagerie about a 
hundred feet long, and apparently their powers were fairly tested. The 
swallow was in full pursuit ; but the little creature flew with such asto- 
nishing velocity, that this bird of rapid flight and ready evolution was 
unable to overtake and entrap it, — the insect eluding every attempt, 
and being generally six feet before it. Indeed, say the authors 
from whom we quote the above anecdote t> is the power of the 

long wings by which the Dragon-flies are distinguished, and such the 

* Epist. 6, Mart. 1717. t Kirby and Spence, op. cit. vol. ii. p. 361. 
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force of the muscles which move them, that they seem never to he 
wearied with flying. I have observed one of them (A7mv 
Leach) sailing for hours over a piece of water — sometimes to and fro, 
and sometimes wheeling from side to side, and all the whih? chasing, 
capturing, and devouring the various insects that came athwart its 
course, or driving away its competitors — without ever seeming tired or 
inclined to alight.'’ 

(798.) In Hymenopterous insects (figs. 171 and 173) the wings are 
much more feebly organized, but their structure is similar. The nervurt's, 
or horny ribs supporting tlie membranous expansion, arc comparatively 
few ; and in the Diptcra they arc still less numerous. 

(790.) In several orders the anterior pair of wings arc converted into 
shields for the protection of the posterior ; such is the case in tlie ( )rtlio- 
ptcra, many of the Hcmiptcra, and more espcciiilly in the Coleopterous 
genera. In the latter, indeed, they are very dense and hard ; and, 
being nearly unserviceable in flight, the hinder pair are necessarily de- 
velo])cd to such a size as to present a very extensive surface (fig. 149, a), 
and when in repose arc closely folded up beneath the elytra, and thus 
carefully ]>rcserved from injuries, to which they would be constantly 
exposed without such prorision for theii* security. 

(SOO.jT Tlie above observations relate only to the g(meral disposition 
and connexion of the different parts of tlie skeleton, and locomotive 
appendages connected with it ; it remains for us now to speak more 
fully of the texture of the external integument, and those modifications 
which it presents, adapting it to various purposes. 

(801 .) The hard covering of an insect, like the skin of vertebrate 
animals, consists of three distinct layers. Tlie outer stratum, or c/u- 
dermis, is smooth, homy, and generally colourless, so that it forms a 
dense inorganic film spread over the whole surface of the body. Imme- 
diately beneath the epidermis is a soft and delicate film, tluj rete mu- 
cosum, which is frequently painted with the most lively hues, and gives 
the characteristic colouring to the species. The third and principal layer 
is the true skin, or cutis, which is generally of a leathery texture, and, 
especially in the elytra of Beetles, of considerable thickness : tliis layer 
is abundantly supplied with nutritive juices ; and in its substance the 
bulbs of hairs, scales, and similar appendages, to be described here- 
after, are imbedded and nourished. 

(802.) The wings are mere derivations from this common covering, 
and are composed of two delicate films of the epidermis, stretched upon 
a strong and ncthke framework. Every membranous wing is, in fact, 
a delicate bag formed by the epidermic layer of the integument, and in 
the recently-developed insect can be distinctly proved to be such by 
simply immersing the newly-escaped imago in spirit of wine, which 
gradually insinuates itself between the still fresh and soft membranes, 
and, filling the cavity enclosed between them, distends the organ until 
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it rcjncscnts a transparent sacculus, in whicli tlic ribs or ncrvurcs of 
the arc cti closed-*. This structure, however, is only to be disidaycd 
while the wings, after being withdrawn from the pupa- case, are still 
soft and moLst ; for they soon become so intimately united with the 
horny framework upon which they arc extended, that they seem to 
form a single membranous expansion. 

(803.) The ribs, or nerviires, whereby the two plates of the wing arc 
thus supportofl, are slender hollow tubes, filled with a soft parenchyma : 
in the interior of some, Jiurmcistcr detected an air-vessel (recognizable 
by the texture' of its walls) and a minute nervous filamc^nt. 

(804.) Wo have still, in order to complete our desci-iption of the ex- 
ternal anatomy of an insect, to describe certain appendages which not 
unfreeiuently clothe the exterior of the skeleton, and exliibit great 
diversity of ai)pearancc in different tribes. These may be divided into 
spines^ /tairsj and scales ; and, however much tlu'y may appear to be di- 
stinct structures, all these are essentially very nearly related to each other. 

(805.) The S 2 ihies arc horny imoccsses dev eloped from the epidermis ; 
and sometimes, especially in the Coleopterous ordei’, as in some lamel- 
licorii Beetles, exhibit considerable dimensions. These sj)incs are some- 
times bifurcated or branched ; but, whatever their sliape or size, they 
never gi’ovv iroin bulbs implanted in the cutis, but are mere prolonga- 
tions of the exterior layer of the integument. 

(80(3.) The hah'S appear to resemble those of (piadriipeds in their 
mode of growth, inasmuch as they arc secreted from roots imbedded in 
tlie substance of the cutis or true skin ; they are fine horny cylinders, 
and frequently arc found to be branched and divided like the feathers 
of birds ; but the manner of their formation will be more conveniently 
discussed hereafter. 

(807.) The vrings of the Leindoptera are covered with minute fiat 
scales of various shapes, and not unfrc(piently tinted with the most 
beautiful colours ; such scales, nevertheless, are in reality only ilattcned 
hairs,into which, indeed, they frequently degenerate by insensible trans- 
itions ; and, moreover, they grow from bulbs of precisely similar con- 
struction. The variety of colours exhibited by the scales of a Butterfly 
depends upon a film of pigment interposed between the two plates of 
transparent epidermic matter forming each ; but the gorgeous hues de- 
rived from this source must not be confounded with the iridescent tints 
for which they are not unfrequently remarkable, as these have a very 
different origin : the surface of every scale, that with the changing light 
reflects evanescent prismatic colours, is seen, when examined under a 
microscope, to be marked with regular parallel stria) of exquisite minute- 
ness ; and such, a surface, even when grossly imitated by human art, 
has been found to give rise to the brilliant appearances exhibited by 
polarized light. 

* Heupingcr, System der Ilistologio, 2. Heft. Burmeister, op. eif. p.224. 

x2 



308 


INSECTA. 


(808.) The muscular system of insects has always excited the wonder 
and astonishment of the naturalist, in whatever point of view he exa- 
mines this part of their economy — ^whether he considers the perfection 
of their movements, the inconceivable minuteness of the parts moved, or 
the strength, persistence, or velocity of their contractions. Insects are 
proverbially of small comparative dimensions — “ minims of nature,” 

“ that wave their limber fans 

For wings, and smallest lineaments exact, 

In all the liveries deck’d of summer’s pride 

their presence, indeed, around us is only remarked as conferring addi- 
tional life and gaiety to the landscape ; and except when, by some in- 
ordinate increase in their numbers, they make up by their multitude for 
their diminutive size, the ravages committed by them are trifling and 
insignificant. Far otherwise, however, would it bo if they attained to 
larger growth, and still possessed the extraordinary power with which 
they are now so conspicuously gifted ; they would then, indeed, become 
truly the tyrants of the creation — monsters such as fables never 
feigned or fear conceived ” — fully adequate to destroy and exterminate 
from the surface of the earth all that it contains of vegetable or of 
animal li^. 

(809.) .Wo have already seen that the Flea or the Grasshopper will 
spring two hundred times the length of its own body ; that the Dragon- 
fly possesses such indomitable strength of wing, that for a day together 
it will sustain itself in the air, and fly with equal facility and swiftness 
backwards or forwards, to the right or to the left, without turning ; that 
the Beetles are encased in a dense and hard integument, impervious to 
ordinary violence; and wo might add that the Wasp and the Termite Ant 
win penetrate with their jaws the hardest wood. Neither is the velocity 
of the movements of insects inferior to their prodigious muscular power. 
“ An anonymous writer in Nicholson’s Journal,” say Kirby and Spence, 

calculates that in its ordinary flight the common House-fly {Musca 
domestica) makes with its wings about six hundred strokes, which carry 
it 5 feet, every second ; but if alarmed, he states their velocity can bo 
increased six- or seven-fold, or to 30 or 35 feet in the same period. In 
this space of time a race-horse could clear only 90 feet, which is at the 
rate of more than a mile a minute. Our little Fly, in her swiftest flight, 
will in the same space of time go more than the third of a mile. Now, 
compare the infinite difference of the size of the two animals (ten 
millions of the Fly would hardly counterpoise one racer), and how 
wonderful will the velocity of this minute creature appear ! Did the Fly 
equal the race-horse in size, and retain its present powers in the ratio 
of its magnitude, it would traverse the globe with the rapidity of 
lightning*.” 


• Kirby and Spence, op. cit. vol. ii. p. 358. 
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(810.) Let the reader, therefore, imagine for an instant that great 
law of nature, which restricts the dimensions of an insect within certain 
bounds, dispensed with even in a single species. Suppose the Wasp or 
the Stag-beetle dilated to the bulk of a tiger or of an elephant — cased 
in impenetrable armour — furnished with jaws that would crush the solid 
trunk of an oak — winged, and capable of flight so rapid as to render 
escape hopeless ; what would resist such destroyers ? or how could the 
world support their ravages ? 

(811.) Such is the comparative strength of insects. Let us now pro- 
ceed to examine the muscles to which it is owing, their structure and 
general arrangement. 

(812.) The muscles consist of bundles of delicate flbres, that arise 
either from the inner surface of the segments composing the skeleton, or 
else from the internal homy septa which project into the thorax. The 
fibres themselves are of a white or yellow colour ; and so loosely are 
they connected by cellular tissue, that they may bo separated by the 
slightest touch. 

(813.) All the muscles of an insect may be arranged in two great 
divisions : the first including those that unite the different segments of 
the body ; the second, those appropriated to the movements of the limbs, 
jaws, and other appendages. The former are entirely compose^ of fleshy 
fibres ; the latter are provided with tendinous insertions, by which their 
force is concentrated and made to act with precision upon a given point 
of the skeleton, j 

(814.) The connecthig muscles are generally arranged in broad parallel 
bands, arising from the inner surface of a given segment, and passing 
on to be inserted in a similar manner into another segment, so that by 
their contraction the cavity in which they are lodged is diminished by 
the approximation of the different rings : these have no tendons. 

’ (815.) The locomotive muscles, of course, take their character from 
the joints of the limb upon which they act ; and as we have already 
seen that these movements are generally confined to those of a hinge, 
the muscular fasciculi may be conveniently grouped into two great 
classes — iheflewor muscles, that bend the joint, and the extemorSy by 
which it is again straightened, and brought back to its former position. 
This simple arrangement will be best understood by an inspection 
of fig. 154, representing the muscles of the leg of a Cockchafer (Melo- 
lontha vulgaris), as they are depicted by Straus-Durckheim*. . In the 
thigh, for example, there are two muscles, one of which bends, the other 
straightens, the tibia. The flexor (fig. 154, a) arises from the lining 
membrane of the femur, and is inserted by a tendon into a process 
of the tibia in such a manner as to flex the leg upon the thigh ; while 
its antagonist (6), attached to a process derived from the other side of 

* Considerations generales sur I’Anatomie compareo des Animaux articuies, aux- 
quellcs on a joint I’Anatomie descriptive du Hanneton. 1 vol. 4to. Paris, 1828. 
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the joint, has an opposite effect, and by its contraction extends the leg. 
In the tibia there are likewise two muscles, so 
disposed as to move the entire tarsus and foot. 

The extensor (/) of the tarsus is the smallest ; 
it arises from the lower half of the interior of 
the tibia, and is inserted into the margin of the 
first joint of the tarsus : but the flexor of the 
foot (c), arising from the upper half of the 
cavity of tlie tibia, ends in a delicate tendon, 
which passes through fdl the tarsal segments, to 
be fixed to the flexor tendon of the claw-joint, 
upon which it acts ; and as it traverses the 
penultimate joint it rcc^eives the fibres of an 
accessory muscle {d). The extensor of the claw 
(e) is likewise placed in the penultimate tarsal 
segment, and strikingly exhibits, by its small 
comparative size, the feehl<‘ncss of its action 
when compared with that of the flexors of the 
same joint. 

(816.) It would be superfluous to describe 
more in^dctail the disposition of individufil 
muscles, as the above example will abundantly 
suffice to give the reader an idea of the general 
arrangement of the muscular system, not in 
insects only, but in all the Articulata pro- 
vided with jointed extremities. 

(817.) The substances employed as food by 
insects are various, in proportion to the exten- Muscles of the ic/r of a 
sive distribution of tlic class. Some devour the 

leaves o£ vegetables, or feed \ipon grasses and succulent jflants ; oihtxs 
destroy timber, and tlic bark or roots of trees ; while some, more dcli- 
tijitcly orgiiTiizcd, arc content to extract the juices of the expanding buds, 
or sip the honeyed fluids from the flowers. Many tribes are carnivo- 
rous in their habits, armed with various weapons of destruction, and 
carry on a perpetual warfare with their own or other species ; and again, 
there are countless swarms appointed in tlieir various spheres to attack 
all dead and putrefying materials, and thus to assist in the removal of 
substances which, by their accumulation, might prove a constant source 
of annoyance and mischief. Hiieh differences in the nature of their food 
demand, of course, corresponding diversity in the construction of the in- 
struments employed for procuring nourishment ; and accordingly we find, 
in the structure of the mouths of these little beings, innumerable modifi- 
cations adapting them to different offices. The mouths of all creatures 
are constructed upon purely mechanical principles ; and in few classes of 
the animal world have we more beautiful illustrations of design and con- 
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trivance than in that before us : jaws armed with strong and penetrating 
hooks for seizing and securing active and struggling prey — sharp and 
powerful shears for clipping and dividing the softer parts of vegetables 
— saws, files, and augers for excavating and boring the harder parts of 
plants — lancets for piercing the skin of living animals — siphons and 
sucking-tubes for imbibing fluid nutriment — all these, in a thousand 
forms, are met with in the insect world, and thus provide them 'with the 
means of obtaining food adapted to their habits, and even of construct- 
ing for themselves edifices of inimitable workmanship. 

(818.) Parts of the mouth . — The mouths of insects may be divided 
into two great classes : — those which are adapted for biting, forming 
what is called a perfect or 'omndibulate mouth ; and those which arc so 
constructed as only to be employed in sucking, constituting the suctorial, 
Imustellate mouth. It is in the former of tliese divisions that all the 
parts composing the oral apparatus are most completely developed ; we 
shall therefore commence by describing the dificrent pieces of which a 
perfect mouth consists, viz. an upper and an under lip, and four horny 
jaws. We select the mouth of the l)nigon-fly (fig. 155, a) as an example. 
The upper lip (lahrum, n) is a somewhat convex corneous plate, placed 
transversely across the upper margin of the cavity wherein the jaws arc 
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lodged, so that, when the mouth is shut, it folds down to meet the 
under lip (labium), and these two pieces more or less completely con- 
ceal the proper jaws, which are lodged between them. 

(81 9.) The upper pair of jaws (mamlibuhr) tire two hard and powerful 
hooks (fig. 155, c), placed immediately beneath the upper lip, and so 
articulated with the cheeks that they move horizontally, opening and 
shutting like the blades of a pair of scissors. Their concave edge is 


312 


INSECTA. 


armed with strong denticnlations of various kinds, sometimes furnished 
with cutting edges that, like sharp shears, will clip and divide the 
hardest animal and vegetable substances ; sometimes they form sharp and 
pointed fangs, adapted to seize and pierce their victims ; and not unfre- 
quently they constitute a series of grinding surfaces, so disposed (like the 
molar teeth of quadrupeds) as to triturate and bruise the materials used 
as food. Tho variety of uses to which these mandibles can be turned is 
indeed amazing. In tho carnivorous Beetles, their hooked points, more 
formidable than the teeth of the tiger, penetrate with ease the mailed 
covering of their stoutest congeners ; and in the Dragon-fly they are 
scarcely less formidable weapons of destruction. In the Locust tribes 
these organs are equally efficient agents in cutting and masticating leaves 
and vegetable matters adapted to their appetites ; while in the Wasps and 
Bees they form the instniments with which these insects build their 
admirable cdiflccs, and, to use tho words of a popular author, supply 
the place of trowels, spades, pickaxes, saws, scissors, and knives, as the 
necessity of tho case may require. 

(820.) Beneath the mandibles is situated another pair of jaws, of 
similar construction, but generally smaller and less powerful ; these are 
called tho maxiUoi (flg. 155, f ). 

(821. f Tho lower lip, or lahiim (fig. 155, e), which closes tho 
mouth infcriorly, consists of two distinct portions, usually described 
as separate organs, — the chin (mentim), that reaUy forms the inferior 
border of tho mouth ; and a membranous or somewhat fleshy organ, 
reposing upon the chin internally, and called the tongue (lingua) of tho 
insect (n). 

(822.) All these parts enter into the composition of the perfect mouth 
of an insect, and, from the numerous varieties that occur in their shape 
and proportions, they become important guides to the entomologist in 
the determination and distribution of species. For more minute details 
concerning them, the reader is necessarily referred to authors who have 
devoted their attention specially to this subject ; we must not, however, 
omit to mention certain appendages or auxiliary instruments inserted 
upon the maxilloi and the labium, usually named the jgalpi, or feelers, 
and most probably constituting special organs of touch, adapted to faci- 
litate the apprehension and to examine the nature of the food. The 
maxillary feelers (palpi maxillareS) are attached to the external margin 
of the maxilloD by the intervention of a small scale and very pliant 
hinge, and consist of several (sometimes six) distinct but extremely 
minute pieces articulated with each other. Tho labial feelers (palpi 
lahiales) are inserted into the labium close to the tongue, or occasionally 
upon tho chin (mentum) itself. The joints in tho labial palpi are gene- 
rally fewer than in the maxillary, but in other respects their structure 
and office appear to be tho same. 

(823.) In the suctorial orders of insects we have the mouth adapted 
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to the imbibition of fluid nutriment, and consequently constructed upon 
very opposite principles ; yet, notwithstanding the apparent want of 
resemblance, it has been satisfactorily demonstrated by Savigny* that 
the parts composing a suctorial mouth are fundamentally the same as 
those met with in the mouths of mandibulate insects, but transformed 
in such a manner as to form a totally different apparatus. 

(824.) According to the distinguished authors of the ‘ Introduction 
to Entomology t,’ there are five kinds of imperfect mouth adapted to 
suction, each of which will require a separate notice. 

(825.) The first is met with amonff the Ilemipteraj and is formed to 
perforate the stalks and buds of vegetables, in order to procure the juices 
which they contain ; or, in some bugs, it is employed to puncture the 
integument of living animals for a similar purpose. This kind of mouth 
is exhibited in fig. 156. First, there is a long jointed sheath (c?), which 
is in fact the lower lip (labium) considerably 
elongated, and composed of three or four parts 
articulated together ; secondly there is a small 
conical scale covering the base of the sheath 
last mentioned, and representing the Upper lip ; 
and between these are four slender and rigid 
bristles or lancets (scalpella) (c), that, when not 
in use, are lodged in a groove upon the upper 
surface of the sheath, so as to bo concealed 
from view. Th(;se lancets are, in reality, 
only the mandibles and maxillae strangely 
altered in their form and excessively length- 
ened, so as not merely to become efficient 
piercing instmments, but so disposed as to form by their union a suc- 
torial tube, through which animal or vegetable fluids may be imbibed. 
This kind of mouth, when not employed, is usually laid under the thorax, 
between the legs, in which position it is easily seen in most Hemiptera. 
In some families, as, for example, in the Plant-lice {Aphides)^ it is of 
extraordinary length : thus, in the aphis of the oak it is three times as 
long as the whole body of the insect, projecting posteriorly like a tail ; 
and in the fir-aphis it is still longer. 

(820). The second kind of mouth is that met with among the Diptera ; 
and from its construction in some tribes, we may wcU understand how 
they are enabled to become so seriously annoying. The Gnat and the 
Mosquito furnish sufficiently well-known examples of the formidable 
apparatus in question, which in the Horse-fly (Tabanus) seems to at- 
tain its maximum of development. The oral organs of the Diptera are 
composed of a sheath or proboscis, that represents the lower lip of the 
mandibulate insects : it is sometimes coriaceous or horny in its texture ; 

* M^moires siir les Animaux eana Vortebres. 8vo. Paris, 1816. 

t Kirby and Spence, vol. iii. p. 463. 
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in other cases, as in the common Flesh-fly, soft and muscular, and 
folds up when at rest in such a manner as to form two an^^les, repre- 
senting the letter Z. At the base of this sheath or proboscis there* is a 
small upper lip, between which and the sheath arc lodged the setae, 
knives, or lancets, which form such terrible instniments for cutting or 
piercing the skin of their victims. These cutting parts vary in number 
from one to five : when they are all present, the upper pair {cultelli, or 
knives) represent the mandibles of a perfect mouth, the two lower ones 
{scalpellay the lancets) arc the maxilla), the fifth or middle piece {ghssa^ 
rium) is the tongue ; and between them all is the oral opening. The 


Fig, 157*. 



Head of a Flea. 


strength of the above piercing instruments varies greatly : in the Gnat 
they are finer than a hair, very sharp, and barbed occasionally on one 
side ; while in the Horse-fly they are flat, like the blades of a lancet or 

* Head of the Flea, as represented by the Solar microscope in Canada balsam ; 
dedicated by permission to the President and Members of the Entomological Society, 
by W. Lons Aldous. 
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penknife ; occasionally they arc so constructed as to form a tube by their 
union, through hich the li(iuid aliment is sucked up and conveyed into 
the stomach. 

(827.) The mouth of the Plea, although described by Kirby and 
Spence as forming a distinct type of stmeture, differs very little from 
tliat of the Di]>tera described above, as will be at once evident on in- 
specting the figure in the preceding page, reduced from a beautiful 
drawing by IMr. W. Lens Aldous. 

(828.) In this insect the piercing organs are two sharp and razor- 
like instruments (fig. 157, d d)y placed on each side of the elongated 
tongue (e), and enclosed in a sheath (c c), probably formed by pieces 
representing the mandibles of mandibulate insects. Two palpi or 
feelers {a a) and a pair of triangular plates (h h) complete this re- 
markable apparatus. 

(829.) Another kind of mouth adapted to suction, and which seems 
to differ more widely from the perfect form than any we have as yet 
examined, is that which wo meet with in Moths and Butterflies. This 
singular organ is adapted to pump up the nectareous juices from the 
cups of flowers, and is necessarily of considerable length, in order to 
enable the insect to reach the recesses wherein the honeyed stores are 
lodged. When unfolded, the apparatus in question represenft a long 
double whip-lash (fig. 158, a, h, r, d) ; and if /arefuUy examined under 
the microscope, each division 
is found to be made up of 
innumerable rings connected 
together, and moved by a 
double layer of spiral mus- 
cular fibres, that wind in 
opposite directions around its 
walls. When not in use, the 
proboscis is coiled up and 
lodged beneath the head ; but 
when uncurled, its structure 
is readily examined. Each 
of the two long filaments 
composing this tnink (which, 
in fact, arc the representa- 
tives of the ma.vilUr. exces- 
sively lengthened) is then 
seen to be tubular ; and, 
when they are placed in contact, it is found that their edges lock to- 
gether by means of minute teeth, so as to form a central canal leading 
to the orifice of the mouth. It is through this central tube, formed by 
the union of the two lengthened maxillae, that fluids are imbibed. 
Burmcister, however, asserts that the cavities contained in each division 


Fig. 158. 
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likewise communicate with the commencement of the oesophagus, so that 
the Lepidoptera have, as it were, two mouths, or rather two separate 
methods of imbibing noimshraent — one through the common canal 
formed by the junction of the whip-like jaws, the other through the 
cavities of the filiform maxillae themselves ; such an arrangement, how- 
ever, which would bo quite anomalous, may reasonably be doubted. 
In this mouth, therefore, all the parts, except the maxillae, would seem 
at first sight to bo wanting ; they may nevertheless be detected upon a 
very careful examination, and rudiments of the uj)pcr lip, of the man- 
dibles, of the lower lip, as well as of the labial and maxillary palpi, be 
distinctly demonstrated. 

(830.) The last kind of mouth to which we shall advert is that met 
with in the Louse tribe (Pedietili ) ; but, from the extreme minuteness 
of the parts composing it, the details of its structure arc only imperfectly 
knoAvn. It seems to consist of a slender external tube, wherein a sharp 
sucker, armed with barbs adapted to fix it securely during the act of 
sucking, is lodged ; when feeding, the barbed piercer is denuded and 
plunged into the skin, where it is retained until a sufficient supply of 
nourishment has been obtained. 

(B31.) Inviting as the subject is, wo arc compelled, by the strictly 
gcncrallfcharacter of our investigations, to abstain from entering upon 
further details concoming the mouths of perfect insects, and consequently 
to omit noticing innumerable secondary modifications in the mechanical 
structure of the oral organs of these little animals. When we turn 
our attention to the consideration of their internal viscera, connected 
with the preparation and digestion of so many different materials, we 
may well expect to find equal variety of conformation ; and, in fact, 
the course, dimensions, and relative proportions of the alimentary canal 
will be seen to be different, to a greater or less extent, in almost every 
species. Considered as a whole, the internal digestive apparatus of 
insects must bo regarded as a delicate membranous tube, in which the 
digestion of the substances used as food is accomplished partly by 
mechanical and partly by chemical agency. For the former purpose, 
gizzard-like muscular cavities are not unfrequently provided; and to 
fulfil the second, various fluids are poured into the canal in different 
parts of its course. The arrangement of the cavities and the nature of 
the secreting vessels will, however, be modified in conformity with the 
necessities of the case, and certain parts will be found to exist, or to be 
deficient, as circumstances may require ; it woidd be absurd, therefore, 
to attempt to describe particular examples ; our observations must be 
of general application, and such as will enable the reader to assign its 
proper function to any organ which may present itself to his notice. 
The first part of the digestive apparatus is disposed in the same manner 
in all insects, and is a slender canal arising from the mouth and passing 
straight through the thorax into the cavity of the abdomen ; this por- 
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tiou represents the oesophagus (fig. 159, a a ; fig. 160, o). The stomach 
and intestine succeed to this ; and if the body of the insect be very 
thin, their course also passes nearly in a direct lino to the tail. But in 
those families which have the abdomen thick and largely developed, 
especially if herbivorous, the intestine becf)mes much elongated and 
winds upon itself in various convolutions; nevertheless, however tor- 
tuous the canal may be, its windings are never sustained by any 
mesentery or peritoneal investment: the air- tubes (that, as we shall 
afterwards see, permeate the body in all directions) form a sufficient 
bond of connexion, and one which is better adapted to the wants of 
these animals. 

(832.) We must now examine more minutely the different portions 
of which the alimentary canal may consist, premising at the same time 
that the stnictures mentioned do not invariably exist together, as some- 
times one part and sometimes another may be entirely wanting, or only 
found in a very rudimentary condition. They are, the cropy the gizzard y 
the stomachy the Siiuill intesiiney and the large intestine, 

(833.) The cropy or sucking-stomachy as it is called by some writers, 
is only met with in Ilymcnoptera, Lepidoptera, and Diptcra — insects 
which have no gizzard*. In Bees, Wasi)8, and other Ilymenoptera, it 
is a simple bladder-like distention of the oesophagus (fig. 159|)2>); in 
Butterflies and Moths it forms a 

Fiff 169 

distinct bag, that opens into the 


side of the gullet (fig. 160, v v ) ; 
while in the Diptera it is a de- 
tached vesicle, appended to the 
oesophagus by the intervention of a 
long thin duct. This organ, which 
in Bees is usually called the honey- 
bladder, is regarded by Burmeister 
(who founds the opinion upon the 
result of experiments made by 
Treviranus upon living insects) as 
being not merely a receptacle for 
food, resembling the craw of birds, 
as llamdohrt and Meckel consider 
it, but as being a sucking instru- 
ment for imbibing liquids, by be- 
coming distended, as ho expresses 
it, and thus, by the rarefaction of 
the air contained within it, facili- 



.f 


Alimentary canal of the Honey Bee, Ap^ 
mellijica. a a, ccsophaguH ; 6, the croj) or auck- 
ing-atomach ; c, dtf, the atomach proper ; e e, 
small intestine;/, large inteatine; anal ori- 
fice ; A A, biliary vj^aaels ; i t, auxiliary glands. 


tating the rise of the fluids in the proboscis and oesophagus. It must, 
however, be confessed that there is somothmg very anomalous in the 


* Bumieistor, op. vit. p. 125. Treviranus, Vcriiiischte Scliriften. 
t Ramdohr, Ueber die Verdauungsworlzouge dor Insekten. Hallo, 1811. 
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idea of a delicate bag having the power of distending itself : its mus- 
cular walls might indeed co»i<rac< ; but that a thin sacculus should forci- 
bly eospand itself would be a fact new to physiology. 

(834.) The gizzard is found in insects which possess mandibles and 
live upon solid animal or vegetable substances. It is a small round 
cavity with very strong muscular parietes, situated just above the 
stomach properly so called, and, like the gizzard of granivorous birds, 
is cmploj^od for the comminution of the food preparatory to its intro- 
duction into the digestive stomach. In order to effect this, it is lined 
internally with a dense cuticular membrane, and occasionally studded 
with hard plates of horn, or strong hooked teeth, adapted to crush or 
tear in pieces whatever is submitted to their action. 

(835.) When bruised in the gizzard, the food passes on into the proper 
stomach, which is generally a long intestiniform organ (fig. 159, d d), 
extending from 1 he crop or gizzard to the point where the biliary \'cs.sels 
dischiirge themselves into the 
intestine. The size and shape 
of this organ will vaiy, of 
course, with the nature of the 
food. Thus, in the Buttcrlly, 
which licarccly eats at all, 
or sparingly sips the honey 
from the flowers, it is veiy 
minute (fig. 160, 6) ; but in 
insects which live upon coarse 
and indigestible materials, it 
is proportionately elongated 
and capacious. 

(836.) The stomach gene- 
rally ends in the in- 

testine (fig. 159, e ; fig. 160, i) ; 
but this is occasionally en- 
tirely wanting, so that the 
stomach seems to terminate 
immediately in the co/on or 
large intestine, which is the 
terminal portion of the ali- 
mentary canal: when much 
developed, the small intestine 
is sometimes divided by a 
constriction into two parts, 
to which the names oi duodenum and ilium have been applied by ento- 
mological writers. The colon (fig. 159, /; fig. 160, 1c) is separated from 
the small intestine hy a distinct valve ; and in connexion with its com- 
mencement a wide blind sacculus or caecum is often met with. 


Fig. ICO. 



tiona in the vicinity of the pylorus. 
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(837.) We may now notice the secerning organs that pour fluids into 
diiferent parts of the digestive apparatus, beginning with those which 
open into the oesophagus in the vicinity of the mouth, and examining 
them in the order of their occurrence as we proceed backwards. 

(838.) The first are the salivary vessels, which terminate in the 
neighbourhood of the mouth itself, into which they seem to pour a se- 
cretion analogous to saliva. These glands are principally met with in 
suctorial insects, but not unfrequently among the mandibulate orders. 
Their form varies ; but they are generally simple slender tubes, that 
float loosely among the juices of the body, from which they separate 
the saKvary fluid. There are, for the most part, only two of those 
organs (fig. 160, s s ) ; but in fleas (Pulex) and bugs {Gimex) there are 
four, and in a water-bug (Nepa) there are six such vessels, aU of which 
open into the cavity of the mouth. The fluid supplied by the salivary 
glands i.s usually merely intended to facilitate di'glutition ; but there 
Jire cases in which the saliva is excessively acrid and irritating, acting 
as a kind of poison when infused into a puncture made by the mouth : 
this is especially rcmai’kable in many bugs and gnats, and is the chief 
cause of the pain and inflammation frciiuently occasioned by their bite. 

(830.) Besides the proper salivary vessels, there are other glands, or 
rather cicca, which open into the stomach itself, occasionally Severing 
that organ over its entire surface, as is the case in some water-beetles 
{Hyth'ophllm ) : these, no doubt, secrete a fluid subservient to digestion ; 
but whether of a peculiar description, or allied to saliva in its proper- 
ties, is imkiiow. 

(840.) The third kind of auxiliary vessels connected with the in- 
testinal canal of insects are sui)posed to furnish a secretion analogous 
to the bile of other animals, and consequently to represent the liver. 
These hile-vessels (fig. 159, 7t A ; fig. lC)0,f/f/) are generally four, six, 
or eight in number, but occasionally much more numerous ; they are 
usually of great length, but exceedingly slender, and wind around the 
intestine in all directions. When unravelled, they are found to termi- 
nate in the neighbourhood of the pylorus (fig. li)0,h,n), close to the 
commencement of the intestine, at which point the secretion produced 
by them is mixed with the food after it has undergone the process of 
digestion. 

(841.) Appended to the termination of the alimentary tube, close to 
its anal extremity, other vessels are met with in some insects, that are 
looked upon by authors as being allied in function to tlie kidneys of 
higher animals ; but apparently this opinion rests upon very doubtful 
grounds. They indubitably furnish some secretion, the use of which is 
perhaps connected with defecation ; but that it is of the same character 
as the fluid separated by the renal organs of Vertebrata may well be 
called in question, as no such parts are distinctly recognizable until we 
arrive at much more elevated forms of liftj than the insects we are now 
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considering. There is, however, another reason for rejecting the opinion 
that these accessory vessels secrete urine ; and that is, that they are only 
met with in a few beetles and some species of Orthoptera — a circum- 
stance that alone would be sufficient to disprove such a supposition. 

(842.) In the vertebrate animals, as the reader is well aware, the 
nutritious products of digestion are taken up by a system of absorbing 
vessels that ramify extensively over the coats of the intestine ; and tho 
nutriment is thus conveyed into tho mass of the circulating fluid by 
ducts appropriated specially to this office : in animals of less perfect 
structure than these, such as the MoUiisca, the veins themselves absorb 
the nutritive materials. But in insects, in which we find neither ab- 
sorbents nor veins, a different arrangement is necessary, and, in tho 
little creatures before us, nutrition appears to be carried on by the 
simple transudation of the chyle through the coats of tho intestine ; so 
that it escapes into the general cavity of the abdomen, where, as wo 
shall see when wo examine the arrangement of their circulating organs, 
it is immediately mixed up with the blood. This transudation has 
indeed been actually witnessed by Ramdohr and Rengger*, and even 
analysed by the last-mentioned physiologist, who found it to consist 
almost entirely of albumen. 

(8431) The respiratory organs of tho Insecta, as well as their circu- 
latory apparatus, are constructed upon peculiar principles, and are evi- 
dently in relation with tho capability of flying which distinguishes 
these minute yet exquisitely-constructed articulated animals. Any 
localized instruments for breathing, whether assuming tho shape of 
branchiffi or lungs, would materially have added to the weight of the 
body, and moreover have rendered necessary an elaborate apparatus of 
arteries and veins for conveying the blood to and fro for the purpose of 
purifying it by securing its exposure to the influence of air. By the 
plan adopted, however, all these organs arc dispensed with ; and the 
organs of respiration, so far from increasing the weight of the animal, 
actually diminish its specific gravity to tho greatest possible extent. 
The blood, in fact, in insects is not brought to any given spot to be 
exposed to oxygen ; but the air is conveyed through every part of tho 
system by innumerable tubes provided for that purpose ; and thus all 
tho complicated parts usually required to form a vascular system are 
rendered unnecessary. These observations, however, only a])ply to the 
insect in its perfect state ; for in tho larva and pupa conditions, where 
flight is not possible, various additional organs, frequently of consider- 
able bulk, are provided, that we shall speak of in another place. If we 
examine the external skeleton of any largo insect (a beetle, for example), 
we shall find, between the individual segments of the body, minute 
apertures or pores (spiraeJes) through which the air is freely admitted : 

* Physiologischo Untersuchungen iibor dio tluerische Haushaltung dor Insekteu 
8vo. 1817. 
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these openings, ten in number on each side of the body, are situated 
in the soft membrane interposed between the different rings, and not 
in the rings tliemsolves, — a provision for the purpose of allowing their 
orifices to be opened or closed at pleasure, instead of being rigid and 
motionless. The margin of the spiracle is frequently encompassed by 


thick homy lips, which 
may bo approximated 
by muscles provided for 
the purpose, so that the 
opening can be shut at 
pleasure, in order to 
exclude any extraneous 
substances that might 
otlierwiso obtain admis- 
sion. In many insects, 
indeed, especially in bee- 
tles which crawl upon 
the dusty ground, an 
adflitional provision is 
necessary to prevent the 
entrance of foreign mat- 
ter; and in such cases 
the spiracles arc seen to 
bo covered with a dense 
investment of minute 
and stiff hairs, so dis- 
posed as to form a sieve 
of exquisite fineness, — 
a beautiful contrivance 
by which the air is fil- 
t(Tcd, as it were, before 
it is allowed to pass into 
the breathing-tubes, and 
thus freed from all pre- 
judicial particles. From 
every spiracle is derived 
a set of extremely deli- 
cate tubes (/mrA^(e),that 


Fig. 161. 



pass internally, and be- 


come divided and sub- 
divided to an indefinite 


extent, penetrating to every part of the body, .‘ind ramifying through 
all the \'isccra ; so that air is thus supplied to the entire system. Upon 
more minutely inspecting these air-tubes, tiny are found to assume 


various forms in different parts of the body, — being sometimes simple 

1 
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tubes of exquisite delicacy ; in other cases they present a beaded or vesi- 
cular structure ; and in many insects they are dilated at intervals into 
capacious cells or receptacles, wherein air is retained in great abundance. 
The beautiful figure given in the preceding page (fig. 161), taken from 
Straus-Durckheim’s elaborate work upon the anatomy of the Cock- 
chafer, will illustrate this arrangement. The spiracles, situated at the 
points respectively marked by the letters «, h, c, d, e,f, g, li, i, open into 
. two wide air-trunks, disposed longitudinally along the whole length of 
the body : from these, innumerable secondary branches are given off, 
many of them being seen to dilate into oval vesicles, from which smaller 
tracheae proceed; w^hile others, without any vesicular enlargement, 
plunge at once< into different textures, and supi)ly the viscera and 
internal organs. The muscular system, the legs, the wings, the ali- 
mentary canal, and even the brain itself, arc permeated in all directions 
by these air-conducting tubes ; and thus the oxj'gcn penetrates to every 
corner of the body. 

(844.) There is one circumstance connected with the tracheae which 
is specially deserving of admiration, wdicthcr we consider the obvious 
design of the contrivance, or the 
I’cmarkablo beauty of the struc- 
ture crafloycd. It is evident that 
the sides of canals so slender and 
delicate as the tracheae of insects 
would inevitably collapse and fall 
together, so as to obstruct the 
passage of the air they are de- 
stined to convey ; and the only 
plan which would seem calculated 
to obviate this would appear to 
be, to make their walls stiff and 
inflexible. Inflexibility and stiff- 
ness, however, would never do in 
this case, where tho vessels in 
question have to be distributed 
in countless ramifications through 
so many soft and distensible vis- 
cera ; and the problem therefore 
is, how to maintain them perma- 
nently open, in spite of external 
pressui-e, and still pres(;rve the 
perfect pliancy and softness of their walls. Tho mode in which this 
is effected is as follows : — between the two thin layers of which each 
air-vessel consists, an elastic spiral thread is interposed (fig. 162, a), so 
as to form by its revolutions a firm cylinder of sufficient strength to 
ensure the ealibre of tho vessel from being diminished, but not at all 


Fig. 102. 



Tracheal tube of an insect, highly magniflecl, 
Hhowiiig, at «, the I'lustic si>iral tliri'od. 
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interfering with its flexibility, or obstructing its movements ; and this 
fibre, delicate as it is, may be traced, with the microscope, oven through 
the utmost ramifications of the trachem, — a character whereby these 
tubes may be readily distinguished. 

(845.) There is a limit, observes Dr. Williams^, difierent in different 
structures, at which the spiral thread ceases ; and at this point the 7nem~ 
branous trachea begins. It is not the external covering which ceases, 
but the spiral which, growing less and less visible, graduates insensibly 
into a continuous tube. The diameter of the spiral’^ trachea constantly 
decreases as it divides ; that of the membranous obswves, throughout 
its entire course, whether it multiply into a network, or wavy brushes, 
or into the muriform plexus which exists in the substance of muscles, 
a uniformity which can compare only with that of the true blood- 
capillaries of the vertebrate animal. The tracheae terminate differently, 
and form different plexuses, in different organs, according to the varying 
mechanical arrangements of the ultimate parts of the latter. They are 
evidently air-tubes throughout, even to their final extremes. 

(84 b.) The primary, secondary, and tertiary air- tubes divide and sub- 
divide arboresccntly, the branches never uniting, but the ultimate rami- 
fications dividing and subdividing in the same profuse retiform manner as 
the blood-capillaries of the vertebrate animal, supplying thc§nuscles, 
the glands, the mucous membranes, the brain, and every other viscus. 
The lai’g(^ air-tubes which travel along the axes of the spacious blood- 
channels detach from their sides here ana there minute wavy branches 
which float in the fluid, and appear to be expressly intended to aerate 
the fluids. 

(847.) In all the transparent structures of insects, such as the wings, 
antennm, branchiae, &c., the blood-currents travel in the same })assages 
as the trachea). On closer scnitiny it will be seen that a channel, such 

that of tlie nervure of the wings, bearing in its centre a large tracheal 
tube, exhibits on one side a current going in one direction ; on the other, 
another bearing in an opposite coiu^e. These are afferent and effe- 
rent, arterial and venous blood-streams. They are bounded by separate 
walls. The afferent current is circumscribed by its own proper coats, 
the efferent by its own ; and the trachea is placed intermediately, having 
parietes quite distinct from, although contiguous with, those of the 
blood-channels. This coincidence between the tracheJB and the blood- 
currents can be traced in the wings nowhere beyond the limits of the 
nervurcs into the scaly spaces that they circumscribe. The returning 
of the corpuscles at a certain point renders this fact quite unquestion- 
able. Beyond this limit, only thejlwd elements, not the corpuscles of 
the blood, penetrate. In this extra-vascular region it is cyclosis, not 
circulation, which governs the movements of the nutritive fluid. If, 
says Dr. Williaras, everywhere the blood and the air travelled toge- 
* Lor. cit. 
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tlicr, the inference would be that the sole dcsij^n of the tracheal appa- 
ratus of the insect consisted in aerating the fluids. Since, however, 
the blood returns much before the trachea) reach their remote pene- 
tralia, it is evident that the tracheal system in the insect fulfils some 
other function. What can be the meaning of those incompfirable 
pneumatic plexuses — ^veritable retia mirabilia — ^which embrace imme- 
diately the very ultimate elements of the solid organs of the body ? those 
microscopic air-tubes, which carry oxygon in its gaseous form, unfluidi- 
fied by any intervening liquid, to the very seats of the fixed solids which 
constitute the fabric of the organism ? The intense electrical and 
chemical efiects developed by the immediate presence of oxygon at the 
actual scene of all the nutritive operations of the body, fluid and solid, 
give to the insect its vivid and brilliant life, its matchless nervous 
activity, its extreme muscularity, its voluntary power to augment the 
animal heat. Such contrivance, subtle and unexampled, reconciles the 
paradox of a being, microscopic in corporeal dimensions and remarkable 
for the relative minuteness of the hull' of its blood, sustaining a frame 
graceful in its littleness, yet capable of prodigious mechanical results. 

(848.) Wo must now consider the mechanism by which air is per- 
petually drawn into the body of the insect, and again expelled. If the 
abdomcCof a living insect bo carefully watched, it will be found con- 
tinually performing movements of expansion and contraction that suc- 
ceed each other at regular intervals, varying in frequency, in different 
species, from twenty to fifty or sixty in a minute*, but occurring more 
rapidly when the insect is in a state of activity than when at rest. At 
each expansion of the abdomen, therefore, air is sucked in through all 
the spiracles, and rushes to every part of body ; but when the abdomen 
contracts, it is forcibly expelled through the same oi)enings. Burmcistcr 
even supposes that the humming noises produced by many insects during 
their flight must be referred to the vibration caused by the air stream- 
ing rapidly in and out of the spiracular orifices. Insects which live in 
water are obliged, at short intervals, to come to the surface to breathe, 
at which time they take in a suflUeient quantity of air to last them 
during the period of their immersion ; but if the spiracles are closed by 
any accident, or by the simple application of any greasy fluid to the 
exterior of their body, speedy death, produced by suffocation, is the 
inevitable result. 

(849.) A moment’s reflection upon the facts above stated concerning 
the respiration of insects will suggest other interesting views connected 
with the physiology of these little creatures. It is evident, in the first 
place, that their blood is all arterial ; they can have no occasion for 
veins, as they have no venous blood, the whole of the circulating fluid 
being continually oxygenized as its principles become deteriorated. The 
perfection of their muscular power, their great strength and indomitable 

^ Sorg, Disquisitiones Physiologicoc circa Kespirationcm Insectorum ot Verniiuin- 
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activity, arc likewise intimately related to tlio completeness of their 
respiration; so that the vital energies of tho muscular system are 
developed to the utmost, endowing them with that vigorous flight and 
strength of limb which wo have already seen them to possess. It must 
likewise become apparent that, as dhe blood is freely exposed to the in- 
fluence of oxygen in every portion of tho insect to which the air-tubes 
reach, one great necessity for the existence of a circulatory apparatus is 
entirely done away with, and, as we have observed before, all those parts 
of tho vascular system required in other animals for the propulsion of the 
vitiated blood through pulmonary or branchial’=K)rgans are no longer 
requisite ; so that, by dispensing with the complicated structures usually 
provided for this purpose, the body is considerably lightened. Tho cir- 
culation of the nutritive fluids is, in fact, limited to their free diffusion 
amongst all the internal viscera, and is eflected in the following manner : 
— If we examine the back of a silkworm, or of any transparent larva, a 
long pulsating tube is seen running beneath the skin of the back, from 
one end of the body to the other. Its contractions may readily be watched : 
they arc found to begin at the posterior extremity, and are gradually 
continued forwards ; so that tho vessel presents a continual undulatory 
movement, by wdiich the fluid contained in its interior is pushed from the 
tail toward.^! the head. This dorsal vessel, which may be so welAbscrved 
in the thin-skinned larva, exists likewise in the perfect insect, although, 
from the opacity of the int(‘gumcnt, its m/)vement is no longer apparent 
except by the vivisection of the animal. 

(8»50.) This dorsal vessel, or heart as we shall call it for the sake of 
brevity, is organized in a very singular manner ; for, instead of being a 
closed viscus, it communicates most freely, through several wide lateral 
apertures, with tho cavity of the abdomen, and from thence derives the 
blood with which it is tilled. Tho dorsal vessel is widest in the abdo- 
minal region ; but is continued, nevertheless, through the thorax into 
the head, where it terminates as a simple or furcate tube — that is, not 
closed, but open at the extremity. 

(Sr)l.) The structure of this remarkable heart has been fully in- 
vestigated by kStimis-Durckheim*, and is extremely curious ; it con- 
sists, in the Cockchafer, of eight distinct compartments, separated from 
each other by as many valves formed by productions from tho lining 
membrane, and so disposed that the blood passes freely from the hinder 
chambers into tliosc which arc placed more anteriorly, but is prevented 
from returning in the opposite fhrection. 

(852.) Each compartment of the dorsal vessel communicates by twm 
w'ide slits, likewise guarded by valves, with the cavity of tho boUy ; so 
that fluids derived from thence will readily pass into the diflerent 
chambers, but cannot again escape through the same channel. The 
arrangement of these valves w^ill, however, be best understood by refer- 
* Oj). ('it. 
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cncc to the accompanying figure (fig. 163), ropivson ting a mngnifiod 
view of the interior of a portion of the lieart of the Cockcluiter, as 
depicted by the cclehratcd entoinotomist before 
alluded to. The organ has been divided longi- 
tudinally, so that one-half only is represented in 
the figure, upon a very large scale. The compart- 
ments (a a a) are distinctly composed of circular 
muscular fibres ; the large valves {d d) separate the 
individual chambers, allowing the blood to pass in 
one direction oulyj vSfo towards the head ; while 
the openings (c),lik© 3 BriBe clewed by semilunar mem- 
branous valves, admit blood from the cavity of the 
abdomen, but effectu^y prevent its return. 

(853.) Let us now consider the movements of 
the circulating fluids produced by the contrac- 
tions of this apparatus. The chyle or nutritive 
material extracted by the food exudes, os we have 
already seen, by a species of percolation, through 
the w^alls of the intestine, and escapes into the 
cavity of the abdomen, where it is mixed up with 
the ma.4i of the blood, which is not contained in 
any system of vessels, but bathes the surface of the 
viscera immersed in it. When any compartment 
of the heart relaxes, the blood ruslics into it from 
the abdomen through the lateral valvular aper- ofaCockchafer: 
tures ; and as it cannot return through that open- compartments; a d, in- 
ing on account of the valves U) that guard the tercompartmcntaiMiivcs; 

^ ucf(Miding one of 

entrance, nor escape into the posterior divisions of the* orifices nommunina- 
the heart by reiison of the valves {d), the contrac- 
tion of the dorsal vessel necessarily forces it on 
towards the head. When it arrives there, it of course issues from the 
perforated termination of the heart, but does not appear to be received 
by any vessels, and therefore becomes again diffus(;d through the body. 
The diflused character of the circulation met with in insects may easily 
bo made a matter of observation in many of the transparent afpuitic 
larvec that are readily to be met 'svith. When any of the limbs of these 
larvae arc examined under a j^owcrful microscope, continual currents of 
minute oat-shaped globules arc everywhere distinguishable, moving 
slowly in little streams — some passing in one direction, others in the 
opposite : but that these streams arc not contained in vascular canals is 
quite ob\doua from the continual changes which occiu' in the course of 
the globules ; their movements, indeed, rather resemble those of tlie sap 
in Cham, and other transparent vegetables, in which the circulation of 
that fluid is visible under a microscope. 

(854.) The organs appropriated to furnish the different secretions met 
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with in the economy of insects are modified in their structure to cor- 
respond with the character of the circulation, and arc invariahly simple 
tubes or vesicles of various forms immei’scd in the fluids of the body, 
from which they separate their peculiar products. The poisonous saliva 
of bugs, and the innoxious salivary fluid of other insects — the bile and 
auxiliary secretions subservient to digestion — the venom which arms the 
sting of the wasp, and the silky envelope of the caterpillar, — arc all 
derived from the same source, and in some mysterious manner elabo- 
rated from the blood by variously-formed vessels : but of this wo have 
already given many examples, and others willprtfteen^ themselves in the 
following pages. 

(855.) In the nervous system of the Insecta, we have many interest- 
ing illustrations of that gradual concentration 6f the parts composing it, 
and consequently of increased proportionate development of the nervous 
centres, corresponding with the more active tnovements and higher 
faculties by which the class before us is so remarkably distinguished 
from those forms of articulated animals that we have hithci’to had an 
opportunity of examining. The supra-a}so])hagcal ganglion, or brain, 
assumes a preponderance of size in relation to more perfect organs of 
sense and to instincts of more exalted character ; tlic chain of ganglia 
placed along the floor of the abdomen is composed of a few larfb masses 
of sufiicient power to animate the strong, and energetic muscles of the 
limbs ; and, moreover, anatomists have /detected the existence of an 
additional nervous ai)paratus, apparently representing the sympathetic 
system of vertebrate animals, which is distributed to the viscera appro- 
priated to digestion. Each of these divisions will therefore require a 
separate notice. 

(85().) The brain, or encephalic ganglion (fig. 1 04, i), is a nervous 
mass of considerable size placed above the gullet : it consists essentially 
of two ganglia united into one mass ; and from it all the nerves appro- 
priated to the special instruments of the senses are derived ; so that it 
may naturally be regarded as the chief scat of sensation and intelligence. 
The nerves originating from this common sensorium are seen iq)on an 
enbirged scale in fig. 1 65 : they are the optic (fig. 105, a), 8 U 2 )plying the 
eyes, and the antennal (fig. 1 05, e), which run to the special instruments 
of touch, or antenna’ — organs of a very singular character, that we shall 
examine more minutely luTcafter. Two other cords of variable length 
(fig. 1 05, ij (j) are given off from the inferior aspect of the brain, and 
serve to connect it witli the anterior ganglion of the ventral chain 
(fig. 1 65, h), to which some writers have thouglit proper to give the name 
of cerehelhun, tliough upon what grounds it is difficult to conjecture : the 
mass last mentioned gives off various nerves to supply the parts con- 
nected with the mandibles, maxilUv, and other organs of the mouth. 

(857.) The rest of the ventral chain of ganglia forms a continuous 
series (fig. H)4, 2, . 3 , |., 5 , 6 , 7, 8) of nervous centres arranged in pairs and 
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imitcd to each other })y double cords of coramimicjation ; hut they vary 
much in number and relative magnitude in different families. Those 
situated in the thorax are usually of the greatest proportionate size, 
inasmuch as they furnish the nerves that supply the muscles of the 

Fig. 164. 



Anatomy of Meloe: (/, tho Btomaeh; 6, lu'patic vcBBels; r, ; </</, ovaria; section of 

ovary showinf; the internal cavity ; y, vagina spemiathcca; h, i, gluten-Hccretors : 1, 8ui)ra- 
lesophngoal ganglion of the nervous system; 2, 3, 4, 5, t?, 7, t*, ventral ganglia; 9 9, nemis vagus; 
lO, cephalic nerves ; 11, optic ganglion. 

wings and legs ; the succeeding ganglia give branches to the abdominal 
segments ; and the last, which is commonly of considerable bulk, sup- 
plies the sexual organs and the extremity of the colon. 

(8o8.) It is tlic general opinion of modern physiologists, that the 
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intimate composition of the nervous apparatus described above is by no 
moans so sim])le as it appears to ordinary observation ; and, since the 
experiments of Sir Charles Bell and Magendie demonstrated the existence 
of distinct columns or tracts in the spinal axis of vertebrate animals, 
various anatomists have endeavoured to show that corresponding parts 
may be pointed out in the ventral chain of articulated animals. There 
can, indeed, bo no doubt that this portion of the nervous system of an 
insect corresponds in function with the medulla spinalis ; and if, in the 
one case, the nerves which preside over the general muscular move- 
ments arise from a different column to that whence the nerves that 
correspond with the periphery of the body originate, while those which 
regulate the motions of respiration emanate from a distinct tract, wo 
might reasonably suppose a similar arrangement to exist in the struc- 
ture of the nervous system we are now examining. It has, in fact, 
been well ascertained that the nerves given off to the muscular system 
of the Homogangliata are not derived from the ganglionic masses them- 
selves, but from the cords which connect them together, while the 
nerves distributed to the integument and external parts of the body 
communicate immediately with the ganglia. These different modes of 
origin give presumptive evidence that at least two distinct tracts exist 
in the central axis of insects ; but, from the extreme minutenAs of the 
different parts, it is not easy satisfactorily to demonstrate them sepa- 
rately. In the larger Arttcttl.vta, howe^i^er, as for example in the 
Crustaceans, two distinct columns 
of nervous mutter arc readily de- 
tected; it will therefore bo more 
convenient to defer the investigation 
of this interesting subject until we 
have an opportunity of describing 
these parts upon an enlarged scale ; 
enough has been said at present to 
enable the reader to compare the 
nervous axis of an insect with that 
of a lobster, and draw correct con- 
clusions from the comparison. 

(859.) The last division of the 
nervous apparatus, which wo have 
already mentioned as being the re- 
presentative of the sympathetic sy- 
stem, consists of two portions, — one 
corresponding, in distribution at 
least, with the nervus vagus of Vertebrata, while the other represents, 
apparently, the sgmjjatheiic gangUa. The nervus vagus^ as we shall call 
it, and which has been named by Swammerdam * and Cuvier the recurrent 
* Biblia NafiiriC. 


Fig. 105. 



Nervua vague nnd syiii]»athc(i(.> svfiti'm 
of an Insert: a a, optir n(*rvtH; dd, su- 
pra -OBSophngral ganglion; /, o‘Hoj)l)agU8; 
6 6, origins of thr rcnirrmi nrrvc ifkx 
g g, ntTves Hurroumling Ihr (rsophagus, 
and communicating la-twccn the «ui>ra- 
(K80i>hagcal ganglion, dd, Jind the first pair 
of ventral ganglia, h ; c c, I /, Nympathetic 
ganglia. 
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nerve, arises (fig. 165, h b) by two roots from the opposite extremities 
of the brain, close to the origins of the antennal nerves. The nervous 
cords thus derived soon unite to form a minute central ganglion 
(fig. 165, i), from which proceeds a single nerve (fig. 165,/^') that 
runs with the gullet beneath the brain, and spreads in delicate ramifi- 
cations upon the oesophagus as far as the muscular stomach (fig. 164, 9 9), 
or to the gizzard when that organ exists. 

(860.) The sympathetic system properly so called consists of four 
small ganglia (fig. 165, c c, Z Z), the two anterior of which communicate 
with the brain and with ^ch other by means of connecting filaments. 
These ganglia are cldsdy appHed to the commencement of the oeso- 
phagus, and supply it^ with minute nerves. 

(861.) Various are the conjectures entertained by different authors 
concerning the senses possessed by the members of the insect world, 
and the organs subservient thereunto. The possession of certain sources 
of perception has been alternately granted and denied ; the nature of 
their sensations has been a fruitful subject of inquiry ; and some physio- 
logists have even gone so far as to deny the corrcRi)ondencc of the 
impressions, derived by insects through the medium of their senses with 
those which wo ourselves receive. It would lead us far out of our 
course we even advert to the multiplicity of opinions and conjec- 
tures promulgated from various soiuces relative to these inquiries, and, 
perhaps, with little addition to our real knowledge. It is true that wo 
cannot deny the possibility of the existence of other modes of sensation 
than those familiar to us ; but it is likewise evident that, as we can 
never have the most remote conceptions concerning their nature, specu- 
lations respecting them are not at all calculated to lead to satisfactory 
conclusions. We must from necessity take our own senses as the 
standard of comparison, limiting our impiiries to examining how far 
insects possess means of intercourse with the external world similar to 
those which wo enjoy, and, when we find certain faculties to exist, 
investigating the structure of the organs by which they are exercised. 

(862.) The sense of touch is indubitably bestowed upon all insects; 
and, to judge from the perfection of the edifices which they build, and 
the precision of their usual operations, this must be extremely delicate. 
It is sufficient, however, to look at the external construction of the 
skeletons of Articulata to perceive that the hard and insensible inte- 
gument spread over tlio entire surface of their bodies is but little calcu- 
lated to receive tactile impressions. The antennaj, or feelers as they 
are popularly called, have been veiy generally regarded as being pecu- 
liarly instruments of toucli ; and whoever watches the proceedings of an 
insect in which these ai)pciid{igcs arc largely developed will, we appre- 
hend, easily convince himself that they are • employed to investigate 
surrounding objects by contact. Straus- Durckh('im regards the feet as 
being specially appropriated to the sense of feeling ; but this opinion 
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seems quite inadmissible. Burmcistcr places the exercise of touch 
exclusively in the palpi attached to the maxilla) and labium, and ob- 
serves that, in the larger insects, such as the predatory Beetles, the 
Grassho2)pers, Humble-bees, and many others, the apex of the palpus 
is dilated into a white transparent and distended bladder, which, 
after the death of the insect, dries up and is no longer visible. This 
bladder he looks upon as the true scat of the sense in question, and 
remarks that the main nerve of the maxiUae and of the tongue spreads 
to it, and distributes itself upon its superior surface in minute rami- 
fications. ' 

(863.) Whether taste exists in insects as- a distinct sense may admit 
of dispute ; the tongue, already described, seems -but little adapted to 
appreciate savours ; and, seeing this, it is obvious that all opinions assign- 
ing the function of tasting to other parts are purely conjectural. 

(864.) Many insects are certainly capable of perceiving odours ; of 
this we have continual proof in the Flesh-fly and other species, that 
are c^ddently guided to their food, or select the position in which to 
deposit their eggs, by smell ; but whore the olfactory apparatus is 
lodged is still a matter of doubt. The antennm and the 2>alj)l have each 
had the power of smelling assigned to them, but without much plausi- 
bility. The respiratory stigmata have been pointed out as p^4brming 
tho office of examining the air admitted for the purpose of breathing ; 
yet other authors, with C(pial probability, look upon the ultimate rami- 
fications of the trachea) as forming one extensive nose. Tho interior of 
the mouth has been indicated by Treviranus*; while Kirby and Spence 
find, in the Nccroiffiori and other insects remarkable for acuteness of 
smell, an organ in close connexion with the mouth, to which they attri- 
bute the porcei)tion of odoriferous particles ; this is a cavity situated in 
the upper lij), containing a pair of circular 2>ulpy cushions covered by a 
membrane transversely striated or gathered into delicate folds. 

(865.) We are scarcely better informed concerning the organs of 
hearing ; but tliat insects arc capable of perceiving sounds is proved by 
tho fact of many tribes being capable of producing audible noises, by 
which they communicate. There seems, indeed, to be little doubt that 
the auditory apparatus is in some way or other connected with tho 
antenna). Some have supposed that these slender and jointed organs, 
supplied, as they arc, with largo nerves, are themselves capable of 
a2)2)reciating sonorous vibrations. Burmeisterf thinks tliat, as in 
crabs and lobsters, it is at the base of the antenna that the car is 
situated, and observes that if we examine the insertion of these ap- 
2>endages, we shall detect there a soft articulating membrane, which lies 
exposed, and is rendered tense by the movements of the antenna : this 
he looks upon as representing the drum of tho ear, and conceives that 
it is so placed as to receive im2)rcssions of sound, increased by tho 
* Vmiiisichtc Scliriftcii, vol. ii. 1 cif. p. 290. 
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vibratory movements communicated to the antenna) by the sonorous 
undulations of the atmosphere. 

(866.) In some moths, Treviranus* * * § has discovered structures which 
would seem to bo indubitably real auditory organs. He found in front 
of the base of .each antenna a thin membranous drum, behind whicli, 
largo nerves, derived from those supplied to the antenna), spread them- 
selves out ; but this apparatus has not been detected in other insects. 

(867.) The eyes of insects are of two kinds, simple and compound, — 
the former being insulated visual specks ; while the latter consist of 
agglomerations of numerous distinct eyes, united so as to form most 
elaborate and complex instruments of sight. 

(868.) Some ihsects, as the Dictyotoptera and Thysanoura, only possess 
simple eyes ; others, ^s for example the Coleoptera, have only com- 
pound eyes ; but in general both kinds exist together. In the Sirex 
(jiyas (fig. 171), for instance, besides the large hemispherical organs of 
sight, situated at the sides of the head, three simi)le spots are seen upon 
the vertex, which are likewise appropriated to vision. 

(869.) The structure of the eyes has been most minutely investigated 
by several distinguished entomotomists ; and the labours of Marcel do 
Serrest, Joh. Miilleri, Straus-Hurckheim §, and Duges|| have done 
much tw dispel the mistaken notions entertained by preceding anato- 
mists. 

(870.) The simple eyes consist of a minute, smooth, convex, trans- 
parent cornea, in close contact with which is a small globular lens ; 
behind this lens is placed the representative of the vitreous humour, upon 
which a nervous filament spreads out, so as to form a retina : the whole 
is enclosed in a layer of brown, red, or black pigment, which, bending 
round the anterior surface of the eye, forms a distinct coloured iris and 
pupillary aperture. Such an arrangement evidently resembles what is 
met with in higher animals, and is remarkable for its simplicity : but it 
is far otherwise with the compound eyes of insects ; for these are con- 
structed upon principles so elaborate and complex, that we feel little 
surprise at the iimazeraeiit expressed by early writers who examined 
them, although their ideas concerning their real structure came far short 
of the truth. 

(871.) The compound eyes of insects are two in number, situated on 
the lateral aspects of the head, the form of each being more or loss hemi- 
spherical. When examined with a microscope, their surface is seen to 
be divided into a multitude of hexagonal focets, betwt'en which minute 
hairs are generally conspicuous. The number of facets or comcic (for 

* Ainialen der Weiterau. Gcsel. f. d. gea. Naturk. vol. i. 1801). 

t Mem. sur les Yeux composes ct les Yeux lisses des Inscctes. Montpellier, 
8vo, 1813. 

t Zur verglcichcnden PhyBiologie doa Qeaidilaaiiines. 8vo, 1820. 

§ Ann. dea Sei. Nat. tom. xviii. || Ibid. tom. xx. 



STRUCTURE OF COMPOUND EYES. 


m 

such, in fact, they arc) varies in different genera: thus, in the Ant 
(Formica) there arc 50 ; in the common House-fly {Musca domestica), 
4000 ; in some Dragon-flies (TAhelhila), upwards of 12,000. In Butter- 
flies (Papilio) L7,355 have been counted ; and some Colcoptera (Mor- 
della) possess the astonishing number of 25,088 distinct comeac. 

(872.) But in order to appreciate the wonderful organization of these 
remarkable organs of sight, it is necessary to examine their internal 
structure : every cornea is then found to belong to a distinct eye, pro- 
vided with a perfect nervous apparatus, and exhibiting its peculiar lens, 
iris, and pupil ; thus being completely entitled to b^^tonsiderod a distinct 
instrument of vision. • ‘ 

(873.) By attentively examining the annexed dgl^•e, representing a 
section of the eye of the Cockchafer (Melolontha)^ as displayed by Straus- 
Durckheim, the whole structure of the organ will be readily understood. 
The optic nerve (fig. 166, a), derived immediately from the supra- 
cesophageal mass of nervous 
matter, swells soon after its 
origin into a rounded gan- 
glion nearly half as large as 
the brain itself. From the 
periphery of the ganglion so 
formed arise a considerable 
number of secondary nerves 
(/>), which arc very short, and 
soon come in contact with a 
layer of pigment {d)y that in 
the Cockchafer is of a bril- 
liant red colour, and is placed 
concentrically with the con- 
vex outer surface of the eye. 

Behind this membrane (called 
by Straus - Durckheim the 
common choroid), the second- 
ary optic nerves (h) unite to 
form a membranous expan- 
sion of nervous matter (c), 
which may be denominated 
the ijeneral retina. From the 
nervous expansion so formed 
arise the proper optic nerves (e), appropriated to the individual eyes, or 
ocelli, as we shall terra them. These nervous filaments are as numerous 
as the foccts of the cornea, and traverse the common choroid to radiate 
towards the individual eyes whercunto they are respectively destined, and 
the structure of whi(4i we must now proceed to examine. In fig. 166, n, 
a portion of the circumference of tlie compound eye is represented upon 


Fig. 166. 



structure of the eye of a Cockchafer. A, sectional 
view: a, optic jjanglion; ft, secondary nerves; e, /ge- 
neral retina, in front of which is a layer of pigment, d ; 
e, proper optic nerves, sui>plying th(! individual facets 
of the compound eye. H, a group of ocelli, much 
magnified : /, bulb of ojitic lUTve ; y, layer of pigmtmt ; 
A, vitreous humour; t, cornea. 
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a very large scale, in order to show the construction of the hexagonal 
ocelli that enter into its composition. Each cornea (/) is a double con- 
vex lens, adapted by its shape to bring to a focus the rays passing- 
through it. Behind every lens so constituted is placed a hexahedral 
transparent prism (7i), which from its office may be compared to the 
vitreous humour of the human eye ; and it is upon the posterior extre- 
mity of these prisms that the proper optic nerves (fig. 106, a, e) spread 
themselves out, so as to form so many distinct retinae. When we 
reflect upon thf>/extreme minuteness of the parts above alluded to, we 
may well discrepancies to occur between the accounts 

given of them by different anatomists. Straus-Durckheim represents 
every optic nerve as‘tefinifiLai&ng in a minute pyriform bulb (fig. 166, 
B, /), and points ont a dark layer of pigment (^), which forms a choroid 
tunic proper to each ocellus ; while, according to Muller and Duges, the 
vitreous humours (h) are conical, and terminate posteriorly in a sharp 
point, upon which the terminal expansion of the optic nerve spreads out, 
without any pyriform enlargement ; they likewise deny the existence of 
the proper choroid (g) in the situation indicated by Straus-Durckheim, 
but find a black pigment situated immediately behind the cornea, that at 
first sight would ai^pear to be continuous over the whole surface of the 
eye. E^n Cuvier seems at one time to have adopted this opinion. Muller, 
however, found that, upon carefully removing the internal structures of 
the organ, leaving the pigment untouched, the dark varnish in question, 
although very thick at the lines of union of the different facets, where 
it is continuous with a choroid that separates the individual ocelli, yet 
towards the centre of each facet becomes exceedingly thin, and at the 
very centre is quite wanting, so that a minute perforation or pupil is 
thus left, through which the rays of light enter. The existence of the 
secondary optic nerves (6) and common retina {c) is likewise disputed 
by Muller and Duges, who consider the proper optic nerves to arise 
immediately from the surface of the brain. 

(874.) With regard to the wonderfully complex structure of these 
organs, Straus-Durckheim suggests that, the eyes of insects being 
fixed, nature has made up for their want of mobility by their number, 
and by turning them in all directions ; so that it might be said that these 
little animals have a distinct eye for every object. But here we are 
naturally tempted to inquire whether insects sec at the same time 
distinctly with every one of these eyes, or if they distinguish with one 
eye only. Upon this point Straus-Durckheim observes that, if they 
saw clearly with all, the great number of images would necessarily pro- 
duce confusion, and would prevent creatures so organized from paying 
special attention to any determinate point. It is probable, therefore, 
that one ocellus only is at any given time placed in circumstances pre- 
cisely adapted to the complete examination of an object, the animal 
seeing things imperfectly with tlie rest, in the same manner as wc see 
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objects situated nearer to us or further off than that upon which we fix 
our attention ; so that; according to this supposition, insects would see 
very distinctly with one eye only, exactly as we see confusedly an exten- 
sive landscape, although we only distinguish a small part of it. 

(875.) In all insects the sexes arc quite distinct ; and the generative 
apparatus, both of the male and female, consists of various secreting 
organs Avith their excretory ducts : in the male, such glands furnish the 
impregnating secretions ; and in the female give origin to the ova, and 
provide the covering wherein the eggs are enveloped. , , 

(876.) Commencing with a description of the we find 

in the Cockchafer various parts represented in tjie accomflanying figure, 
taken from the admirable work of StraiiB-ji)u]^ckl^im already So often 
quoted. The testicles of Melohntha (fig. 167ya «) are six in number on 


Fig. 167. 



Male gonenitive organs of Melolonf ha wlfforis : o o a, testicular glandfi ; bhb, rasa d< fcreiitin ; 
cc, common canal; d, its dilated portion; d', termination of the corresponding canal from the 
opposite side; eef,/', auxiliary glanda; ffg, common duct enclosed in a Bheiith, h; ii, ejaculatory 
n})i)aratus; 1 1, n n, Bcetion of penis. 

each side of the body ; but, in the engraving, those of one side only are 
delineated. 'Every testis consists of a vesicular organ, hollow internally, 
wliich, being immersed in the juices of the insect, separates therefrom 
the seminal fluid. Six ducts (h h h) may be called vasa deferentia^ and 
convey the spermatic liquor into a common canal (c r), of very consider- 
able length and much convoluted. Although slender at its commence- 
ment, this tube ultimately expands into a wider portion (d), wherein, 
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no doubt, the semen aeciiraulates, and whicli has been called by aulliors 
the vesica seminalis. 

(877.) The canal (d) tenninatcs by joining the corresponding duct from 
the opposite side (d') to form a common tube (y ) ; but just at the point 
of junction they arc joined by two long auxiliary vessels (/,/), that have 
been named sperm-vessels, glufen-vessels, and gum-vessels by dilfei’cnt 
authors, but which appear to be appropriated to the production of some 
fluid, perhaps analogous to the prostatic fluid of mammalia, whereby the 
bulk of the seminal liquor is increased in order to facilitate its expulsion. 
Each of these auxiliary vessels consists of two parts — a long and much- 
convoluted portion » e), forming the secreting organ ; and a dilatation 
(/), that must he looked uj^n as a reservoir for the fluid elaborated. 
The common canal {g) receives all these secretions : it is at first enclosed 
in a kind of sheath (h), but, soon becoming muscular, it dilates into a 
strong contractile canal (^, ?), called the ductus ejaculatorius, which is 
continued to the extremity of the penis. 

(878.) The intromittent organ itself is composed of two parts — a pro- 
triisiblc corneous tube (1 1), and an external homy sheath (n n), in which 
the former is usually concealed and protected. 

(879.) Great variety, of course, is found in 
the nu^iber, form, and general arrangement 
of all the parts alluded to in the above de- 
scription, when examined in different insects. 

In the Hive-bee, for example, the testes 
(fig. 1 68, a) are only two in number, and are 
simple oval vesicles ; the vasa deferentia (h h) 
are short, and the seminal receptacles (< ) form 
membranous sacculi. The auxiliary secreting 
organs (d), although placed in the same posi- 
tion as in Melolontha, are represented by 
capacious caeca ; while the common excretorj^ 
duct (e) swells into a strong and muscular 
(/)> which constitutes the ejaculatory 
apparatus. Still, however, it is easy to see 
that, although diversified in appearance, the 
parts here found arc essentially similar to 
those mot with in the Cockchafer, and repre- 
sent respectively the same organs. 

(880.) The female apparatus of repro- 
duction presents a general correspondence, 
both in form and arrangement, with the 
sexual parts of the male insect. The ovaria 

are simple secreting sacculi, or elongated ejaculatory 

tubes, in which the germs or ova are pro- 
duced instead of the seminal liquor ; and the excretory canals, or egg- 


Fig. 168 . 



tia; cc, seminal receptacles; 
d, auxiliary glands; e, common 
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passages, with the organs appended to them, although appropriated to 
ditferent functions, strikingly resemble the organs met with in the 
other sex. 

(881.) In the female Fig. 1C9. 

of Melohntlia the ovaria 
are long tubes, forming 
two distinct fasciculi 
symmetrically situated 
on the two sides of the 
body. At their com- 
mencement (lig. 169, 
u u) the ovigerous tubes 
are slender, and the ova 
which they contain at 
this point are in a very 
rudimentary state of de- 
velopment; they gene- 
rally dilate, however 
and as they ex- 
pand, the ova are seen 
to attain larger dimen- 
sions. Near its termi- 
nation, each ovarian tube 
assumes a granulated 
texture (^s); and they 
all ultimately open into 
the corresponding ex- 
cretory canal (r r). 

(882.) All the ova- 

. . , „ Female generative organs of the Cockchafor(Me/o/o«/Aft 

nan tubes 01 one Side arc Wlgarin)-. a»,tt,uu, ovigerous tubes; y x, their liga- 

united into a bundle, by mt-ntous origin; rr, excretory canals; /, common ovi- 

. " duct; pjj, gluten-seen tors; no, spemiatheca. 

a ligament {yx) which 

Joh. Muller * traced to the dorsal vessel, and believed to bo a vascular 
canal adapted to bring blood immediately into the tubes wherein the 
ova are formed ; but no satisfactory evidence has been adduced in proof 
of the existence of such an extraordinary communication, and the thread 
in question is most probably a mere ligamentous connexion. 

(883.) Taking the higher animals as a standard of comparison, we 
may suppose the formation of the eggs in these tubes to be accomplished 
in the following manner : — In the upper part of the tube (u) is formed 
the yelk, enclosed in its peculiar membrane, and provided with that 
wonderful germ from which, after impregnation, the future being is to 
be developed ; as the yelk slowly descends to the more dilated parts of 
the canal (< t), it becomes clothed with the albumen which constitutes 
* Nova Acta PhyB.-Med. Nat. Cur. vol. xii. pt. 2. 
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tho white of the egg, and ultimately, before quitting the nidus of its 
formation, receives from the granular termination of the ovary its last 
integument or shell. Thus completed, it passes into the excretory 
canal (r r ) ; and this, meeting the corresponding tube derived from the 
ovaries of the opposite side, joins it to fonn the common oviduct (Z), 
through which the egg is conducted out of the body. 

(884.) But wo must now advert to certain appendages connected 
with the common oviduct. These are of two kinds, the gluten-secretors 
and the spermatheca, 

(885.) The gluten^se^ytetors (fig. 169,^ jp) are glandular caeca opening 
into the common egg-canal,^ aiad are apparently destined to furnish a 
glutinous fluid with which the eggs become invested before they are 
expelled from the body ; and thus they are frequently united into long 
chains and variously-shaped masses, or else the adhesive varnish thus 
secreted serves to glue the ova to situations favourable to the develop- 
ment of the embryo, 

(886.) The other organ, or spermaiheca (fig. 169, n o), has a widely 
difieront ofBce, being a receptacle provided to receive the seminal secre- 
tion of the male during copulation : it is always situated upon tho upper 
aspect of the oviduct, into which it opens by a small orifice surrounded 
by a tt^kened margin or sphincter embracing the neck of the bag, and 
so disposed as either to retain the enclosed fluid, or to allow it to escape 
into the oviduct. That this organ really does receive and retain the 
seminal liquor is proved by the presence of seminal animalcules in its 
contents ; but tho matter has been placed beyond a doubt by the experi- 
ment of John Hunter*, who actually succeeded in fecundating the eggs 
of an unimpregnated female by applying to them a littlo of the fluid 
contained in its cavity : but that tho reader may comprehend fully the 
reason of such an arrangement, it is necessary to consider the circum- 
stances under which insects propagate. 

(887.) In most animals, sexual union may be repeated several times 
during the life of individuals ; but in insects intercourse between tho 
sexes is permitted to take place once only ; and this solitary congress 
must suffice for the impregnation of all the ova, however numerous, and 
however imperfect may bo tho development of some of them at tho time 
when the embrace occurs. 

(888.) Let us take the Hive-bee as an example : in tho females of this 
insect the ovigerous tubes (fig. 170, a a) are excessively numerous, and 
the eggs produced in them may amount to between 20,000 and 30,000. 
These eggs, of course, arrive at maturity in succession, and not all at 
once ; so that, at the moment when the queen-bee meets her selected 
mate, perhaps tho majority of the ova are not in a sufficiently mature 
condition to be rendered fertile. Nevertheless the meeting of the sexes 
cannot bo repeated; for no sooner has copulation taken place than 
* Home’s Lectures on Comp. Anat. vol. iii. p. 370. 
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the favoured male dies, and, by a simultaneous butchery, all the other 
males, or drones as they are com- 
monly designated, are destroyed by 
the working inhabitants of the hive. 

The quantity of the fecundating 
liquor, therefore, supplied by one 
connexion must serve to fertilize all 
the eggs produced during the life- 
time of the queen-bee ; and for this 
purpose it is stored up in the 
spermatheca (fig. 170, c) ; so that, 
how numerous soever may be the 
eggs formed, they are all vivified as 
they pass out through the oviducts 
(bj 6), and thus come in contact with c, spermatheca; e, vagina, or common ox- 
thc orifice of the reservoir of semen. 

(889.) In Meloe variegatm (fig. 164) the ovaria {d) consist of wide and 
capacious sacs, covered externally with innumerable glandiform vesicles, 
opening into the cavity of the ovary (e). The gluten-secretor {h) and 
the spermatheca {(J) arc seen, as in Melohntha, a 2 )pended to the common 
oviduct (/) ; but the spermatheca has a small accessory vHfcte*^’) 
connected with it, not found in the former examples. 

(890.) In many insects, especially of the/ Hymonopterous order, the 
generative apparatus is terminated externally by peculiar instruments 
provided for the purpose of introducing the eggs into a proper situation. 
This is particularly remarkable in the Ichneumons, which deposit their 
ova in living catei-pillars ; and in the Saw-flics (Tenthredo), whose eggs 
are insinuated into the substance of the leaves, or even of the branches 
of trees. To describe aU the contrivances craj)loyed for this purpose 
would lead us far beyond our prescribed limits: one example of an 
organ of this description must siifiice. 

(891.) In Sire.v gu/as (fig. 171) the ovipositor consists apparently of 
three pieces of considerable length, seen in the figure to project from the 
inferior margin of the abdomen. Of these pieces, two form a sheath 
enclosing a tliird, caUed the terehra, or borer, which in the Tenthredo 
contains two saws of extremely beautiful construction, as wo loam 
from an account of them given by Professor Peck, and quoted by Kirby 
and Spence*. The original description, which it would be impardonable 
to abbreviate, is as follows. This instrument,’^ says Professor Peck, 
‘‘ is a very curious object ; and, in order to describe it, it will be proper 
to compare it with the tenon-saw used by cabinet-makers, which, being 
made of a very thin plate of steel, is fitted with a back to prevent its 
bending: the back is a piece of iron, in which a narrow and deep 
groove is cut to receive the plate, which is fixed. The saw of the Ton- 
* Introd. to Entom. Tol.iv. p. 161. 
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Female generative organs of the Queen 
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thredo is also furnished with a back; but the groove is in the plat(% and 
receives a prominent ridgo of the back, which is not fixed (to the saw), 

Fig. 171. 



Sirex gigas. 

bv^ pipits the saw to slide forward and backward as it is thrown out 
and retracted. The saw of artificers is single ; but that of the Tenthredo 
is double, and consists of two distinct saws with their backs ; the insect, 
in using them, first throws out one, and, while it is returning, pushes 
forward the other j this alternate motion is continued till the incision 
is effected, when the two saws, receding from each other, conduct the 
egg between them into its place.” 

(892.) With respect to the number of eggs laid by insects, it varies 
in different species : the Flea, for example, lays about twelve, and many 
Diptcra and Coleoptera average perhaps fifty ; but others are far more 
prolific ; among moths, for example, the Silkworm produces 500, and 
some from 1000 to 2000 ; the Wasp (Vesjpa vulgaris) deposits 3000 ; 
the Ant {Formica), from 4000 to 5000. The Queen-bee is said by 
Burmeistcr to lay from 5000 to 6000 ; but Kirby and Spence consider 
that in one season the number may amount to 40,000 or 50,000, or 
more. Yet, surprising as this latter statement may appear, the fecundity 
of the Queen-bee is far inferior to that of the White Ant {Termes fatalis) ; 
for the female of this insect extrudes from her enormous matrix innu- 
merable eggs at the rate of sixty in a minute, which gives 3600 in an 
hour, 86,400 in a day, and 2,419,200 in a lunar month. How long the 
process of oviposition continues in the termite is unknown ; but if 
it were prolonged through the entire year, the amazing number of 
211,449,600 eggs would proceed from one individual ; setting, however, 
the number as low as possible, it will exceed that produced by any 
known animal in the creation. 
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(893.) The Aphides y or plant-lice, furnish a remarkable instance of 
fecundity. In those insects it has been satisfactorily ascertained, by 
Bonnet, Lyonet, and Reaumur, that a single sexual intercourse is 
sufficient to iuipregnate not only the female parent, but all her progeny 
down to the ninth generation! Tlie original insect stiU continues to 
lay when the ninth family of her descendants is capable of reproduc- 
tion ; and Reamur estimated that, even at the fifth generation, a single 
Aphis might bo the great-great-grandmother of 5,904,900,000 young 
ones. 

(894.) The impregnated ova of the Aphis ♦ are deposited at the close 
of summer, in the axils of the leaves either of the plant infested by 
the species, or of some neighbouring plant ; and the ova, retaining their 
latent life through the winter, are hatched by the returning warmth of 
spring, giving birth to a wingless hexapod larva. This larva, if cir- 
cumstances, such as warmth and food, bo favourable, will produce a hrood 
(or indeed a succession of broods) of eight larvae lilce itself, without any con-- 
nexion with the male. In fact, no winged females have, at this season, 
appeared. If the virgin progeny be also kept from any access to the male, 
each will again produce a brood of the same number of aphides j and 
careful experiments have shown that this procreation from a virgin 
mother will continue to the seventh, the ninth, or the eleventfe-^c^D^- 
tion, before the spermatic virtue of the ancestral coitus bo exhausted. 
In the last larval brood, indindual growth and development proceed 
further than in the parent, and some individuals become metamorphosed 
into winged males, others into oviparous females. By these the ova 
are developed, impregnated, and oviposited, and thus provision is made 
for disseminating the individuals, and for continuing the existence of 
the species over the severe famine-months of winter t. 

(895.) This mode of reproduction is evidently referable to the 
nursing system of Steenstrup (§ 383) ; and inasmuch as, in the system 
of nursing, the whole advancement of the welfare of the young is 
effected only by a still and peaceful organic activity — is only a func- 
tion of the vegetable life of the individual, so also all those forms of 
animals in whose development the nursing system obtains actually re- 
mind us of the propagation and vital cycle of plants. Ror it is peculiar 
to plants, and as it were their special characteristic, that the germ, the 
primordial individual in the vegetation or seed, is competent to produce 

* Owen, Parthenogenesis, p. 24. 

t “ The multiplication of these little creatures is infinite and almost incredible. 
Providence has endued them with privil^jes promoting fecundity which no other 
insects possess : at one time of the year they are oviparous, at another, viviparous ; 
and, what is most remarkable and unparalleled, the sexual intercourse of one original 
pair serves for all the generations which proceed from the female for a whole suc- 
ceeding year. Reaumur has proved that in five generations one Aphis may be the 
progenitor of 5,904,900,000 descendants ; and it is supposed that in one year there 
may bo twenty generations.” — Kirby and Spence, Introd. to Entom. vol. i. p. 175. 
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individuals wliich arc again capable of producing seeds or individuals 
of the primary form, or that to which the plant owed its origin, only 
by the intervention of a whole series of generations. It is certainly 
the great triumph of morphology that it is able to show how the plant 
or tree (that colony of individuals arranged in accordance with a simple 
vegetative principle or fundamental law) unfolds itself through a fre- 
quently long succession of generations into individuals becoming con- 
stantly more and more perfect, until, after the immediately precedent 
generation, it appears as Calyx and Corolla, with perfect male and 
female individuals, stamens (StaubUdtter) and pistils (FrTiclitbldttcr), 
and, after the fructification, brings forth seed which again goes through 
the same course. 

(896.) To faciHtato the comparison thus instituted by Steenstrup, 
Professor Owen has devised the diagrams copied in the opposite figure, 
which place before the eye the whole of this most interesting subject*. 

(897.) The pollen-tube or filament (fig. 172, i, a) discharged from 
the pollen-cell (a') in the plant, represents the spermatozoon (a 2 & 3) 
in the animal ; its contents (whether by endosmose or perforation is im- 
material) are received by the ovule (b 1), which is afterwards discharged 
and becomes free. Under favourable circumstances the formation of 
tlm^ejQii^yo takes place with manifold modifications, but essentially by 
the multiplication of cells, according to a process which is as much en- 
titled to bo called continuous growth as that process in the formation 
of the Conferva. The embryo (c) proceeds to dcvclopo the radicle and 
the plumula {d) by the metamorphosis and coalescence of certain of the 
impregnated cells, retaining the major part, however, as cells ; and thus 
the first individual plant or pair of individuals, as in Dicotyledons, is 
established. 

(898.) The ovum (fig. 172, 2, h) of the zoophyte proceeds to de- 
velope its free locomotive embryo (c) by an analogous multiplication of 
ceUs, certain of which are metamorphosed into an external skin with 
vibratile cilia ; the embryo settles, subsides, shoots out rays analogous 
to the radicle of the plant, but for attachment only, and grows after- 
wards as a stem, from wliich a polyp (d) is speedily developed, answering 
to the first cotyledonal leaf or leaves in the plant (fig. 172, i, d). Both 
plant and zoophyte proceed to dovelopo by gemmation, the one a suc- 
cession of leaves {e e), the other of polyps (e e) associated by the con- 
tinuous growth of the connecting parts; and finally the plant, by a 
metamorphosis of part of the stem and certain leaves, produces the 
tiower or fructification (/, g, 7i, i) ; and the zoophyte, by a modification 
also of its stem and certain polyps, produces an “ovarian vesicle’’ (/), 
or a modified polyp (g), or a medusiform individual (Z), which is set 
free : in both cases the end to be attained is the diffusion of the species 
by means of impregnated seeds or ova. 

* Vide Owon, Parthenogoiiesis, p. 58 cd seq. 
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(899.) Now if we compare fig. 172, 3, in which are represented 
the corresponding stages intervening between the ovum and the perfect 
male and female individuals of the Aphis, with fig. 172, i &2, the 
analogy betweem these stages in the plant, the polyp, and the insect 
will bo seen to be both true and close. The spermatozoon (a) of the 
male Aphis (Ji) answers to the pollen-filament (fig. 172, 1, a) of the 
male leaf or stamen (7i). The ovum (7>) of the female Aphis {%) 


Fig. 172. 



ComparatlvoTFiew of the reproductive procesfl in a Plant, a Companularian zoophyte, and a female 
Aphis, the corresponding parts being indicated by similar letters, as explained in the text. 

answers to the ovule (6) of the female leaf or pistil (t) ; by their 
combination the impregnated ovum results. The same processes of 
cell-formation ensue, and the embryo Aphis {d) is formed by the com- 
bination and metamorphoses of certain of these secondary germ-cells ; 
but it retains the rest as a germ-mass in its interior, which may be 
compared with the cells of the pith in the plant, and with the cells or 
nuclear granules in the corresponding more fluid part of the pith of the 
polyp. Under favourable circumstances of nutriment and warmth, 
certain portions of the retained germ-mass repeat the process of om- 
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bryonic formation, and a larval individual (fig. 1 72, 3, e) like that from 
the ovum is thus produced, which is only not retained in connexion 
with its parent because the abdominal integument is not co-exteuded 
with it. 

(900.) The generation of a larval Aphis may be repeated from seven 
to eleven times without any more accession to the primary spermatic 
virtue of the retained germ-masses than in the case of the zoophyte or 
plant : one might call the generation an internal gemmation ; but 
this phrase would not explain the conditions essential to the process, 
unless we previously knew those conditions in regard to ordinary or 
external gemmation. At length, however, the last apterous or larval 
Aphis so developed proceeds to be metamorphosed, as it is termed, into 
a winged individual, in which, only^the fertilizing filaments are formed, 
as in the case of the stamens of the plant (h) ; another larval Aphis 
(fig. 172, 3, i) perfects the female generative organs, and developes the 
ovules, as in the case of the pistil (fig. 172, l, i). We have, in fact, at 
length male (h) and female (i) individuals, preceded by reproductive 
individuals (e e) of a lower or arrested grade of organization, analogous 
to the gemmiparous polyps of the zoophytes (fig. 172, 2, e e) and the 
leaves (fig. 172, 1, e e) of the plant. 

(9QJI*^The process of development in the Aphides is, for its better 
intelligibility, described above by Professor Owen as one of a simple suc- 
cession of single individuals, but it is much more marvellous in nature. 
The first-formed larva of early spring procreates not one but eight larvm 
like itself in successive broods j and each of these larva) repeats the pro- 
cess ; and it may be again repeated in the same geometrical ratio, until 
a number which figures only can indicate, and which language almost 
fails to express, is the result. The Aphides, generated from virgin 
parents by this process of internal gemmation, are as countless as the 
leaves of a tree to which they are so closely analogous. The wingless 
larval Aphides are not very locomotive ; they might have been attached 
to one another by continuity of integument, and each have been fixed 
to suck the juices from the part of the plant where it was brought forth. 
The stem of the rose might have been incrusted with a chain of such 
connected larva), as we see the stem of a fucus incrusted with a chain 
of connecting polyps, and only the last developed winged males and 
oviparous females might have been set free. The connecting medium 
might even have permitted a common current of nutriment, contributed 
to by each individual, to circulate through the whole compound body. 
But how little of anything essential to the animal would be affected by 
cutting through this hypothetical connecting and vascular integument, 
and setting each individual free ! * 

(902.) In all the great class of Insects, the blood is equably difiused 
through the visceral cavity, and is contained in the spaces intervening 

* Ijoc. cif. p. 61. 
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between the muscles, nerves, tegumentary organs, tfec., and in the stiU 
smaller lacunae that exist between the fibres or constituent lamellse of 
the various organic tissues. The fluid thus diffused is characterized by 
the presence of globules or corpuscles of determinate shape ; and in most 
cases it is easy to ascertain by means of the microscope that the circula- 
tion is carried on in a system of irregular cavities, much in the same way 
as the blood of vertebrate ammals is in the vascular system with which 
they are furnished. 

(903.) Innumerable are the means employed by nature to keep the 
balance 1^'tween the increase and destruction of the insect tribes ; and 
countlcs/s enemies are provided for the purpose of checking their inordi- 
nate accumulation. 

Fig. 173. 



he niTe Bee (Apis melU/lca). A, Working Bee. B, fertile female, or Queen Bee. 
C, the male, or Drone. 


4.) Among the most remarkable provisions for preventing super- 
ant fertility is that law which compels the most prolific insects to 
. largo societies, and permits but one female out of a multitude 
eggs. As an example of this, wo may take the Hive-bees*, so 
table for their elevated instincts and industrious habits. A 
. of bees consists, first, of females whose sexual organs remain 
pcxiii«nently in an undeveloped condition, usually called the workers 
(fig. 173, a) ; secondly, of perfect males or drones (c) ; and thirdly, of a 
solitary fertile female, called the qmen (n), which gives birth to all the 
progeny of the hive ; and thus, instead of 20,000 or 30,000 eggs being 
furnished by every one of as many females, one female only is permitted 
to be instrumental in perpetuating the species. 

(905.) The Termite Ants likewise, were it not for a similar restric- 
tion, would soon, by their overwhelming increase, dej)opulate whole re- 
gions of the earth, and render the countries in which they are met with 
absolutely uninhabitable by their extreme voracity. A community of 

# For ample detoils concerning the habits of these interesting creatures, the reader 
18 referred to Dr. Bevan’s work ‘ On the Honey -bee; its Natural History, Physiology, 
and Management.’ 1 vol. 12mo. London. 
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Termites is said to consist of five different classes: namely, winged 
males and females (fig. 174, a); apterous neuters, or soldiers, which 
have large heads furnished with strong projecting mandibles (b); iin- 
winged pupae, having a smaller head, and the rudiments of wings only 
(c) ; and, lastly, of similarly-formed lurviie, or workers (n), differing from 
the pupae only in wanting the rudiments of wings. The following is a 
brief history of the establishment and growth of a colony of these insects. 

Fig. 174. 


A ,/iH 



C B D 

Colony of Temite Ants. A, Winged male. B, Soldier. C, Wingless pupa. D, Workers. 
E, Queen Termite enormously distended with eggs. 


as narrated by Burmeister ♦. At the termination of the hot season, the 
young males and females disclosed in a nest quit it, and appear upon the 
surface of the earth, where they swarm in innumerable hosts, and pair. 
The busied workers then convey a chosen male and a female back into 
the dwelling, and imprison them in the central royal coU, the entrances 
to which they decrease and guard ; through these apertures the im- 
prisoned pair then receive the nutriment they require. The male now, 

* Manual of Entomology, p. 535. 
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as amongst all other insects, speedily dies after the impregnation of the 
female lius been effected ; but the female from this period begins to 
swell enormously from the development of her countless eggs, and by 
the time she is ready to commence laying, her abdomen is about 1 500 or 
i^OOO times larger than all the rest of her body (fig. 174, e). During the 
period of this swelling, the workers remove the walls of the royal apart- 
ment, uniting tlie nearest cells to it 4 so that in proportion to the increase 
of the body of the queen, the size of the abode she inhabits is also in- 
creased. She now commences laying eggs, and during the process the 
abdomen exhibits a continual undulatory motion, produced by the peri- 
staltic movement of the egg-ducts ; while the workers convey away the 
eggs ns they are laid, and deposit them in the distant rearing- cells of 
their wonderful habitation. The reader will be able to form some idea of 
the relative proportions and outward appearance of the edifices erected by 
these comparatively minute beings by the group of their citadels repre- 
sented in the background of the figure; but to describe them more 
minutely would lead us into details unconnected with our subject*. 

(906.) The eggs of these little animals vaiy much in shape and ex- 
ternal configuration ; so that, from the beauty of their forms and exqui- 
site sculpture, some of them are interesting objects for the microscope. 

(907.) We have already spoken concerning the metamorphos<!^— bj^ 
insects undergo during the progress of their development from the fonn 
under which they first leave the egg to their mature condition, when 
they become fertile, and, in most instances, acquire those instruments of 
flight so generally characteristic of their perfect state. Before entering 
upon a more minute inquiry concerning the physiological principles 
upon which the important cWges in question depend, and the pheno- 
mena attending the process, it will bo advisable to cite a few more 
examples illustrative of the most interesting varieties of metamorphosis 
signalized by authors. Fabricius distinguishes five different kinds of 
metamorphosis, and has applied a different name to each. 

(908.) Tlio first class comprises all insects of which the larva is a 
maggot entirely deprived of legs, that, after having changed its skin, or 
moulted, a certain number of times, becomes, previous to its last change, 
encased in an oval horny sheath, or pupa-case, whereon not the least 
trace of the limbs of the mature insect is to be detected. Such pupa) are 
absolutely without the power of motion, and are distinguished by the 
name of coarctate. Examples of this sort of metamorphosis are met with 
in the common House-flies {Musculoey, and the forms of their larvce and 
pupa) are familiar to every one. 

(909.) Of the second kind, technically named ohtecUd, the Lepidoptera 
furnish well-known instances. The changes which occur in the deve- 
lopment of the SiUcwonn, represented in the annexed figure (fig. 175), 
may readily be ^vitnessed. In such insects the full-grown caterpillar, 

^ Vide Snieatliinan, Phil. Trans, vol. Ixxi. 1781. 
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having enclosed itself in a silken ball, throws off its last skin, find 
becomes a quiescent pupa ; but while in this state, the position of the 

Fig. 175. 



Mctomorimosea of the Silkworm : A, ChrysaliR. 

rudiments of the wings and other appendages of the perfect insect 
is strongly indicated upon the exterior of the chrysalis (a), though 


these parts arc still closely wrapped 
up in tho external covering. 

(910.) Tho third form of meta- 
morphosis, called incomplete, is seen 
in tho Hymerioptera, and in many 
Coleopterous insects. The maggot, 
in such tribes as exhibit this kind 
of change, is in some species a 
simple worm, deprived of feet or 
other external organs; in others 
tiiese parts exist in a very imperfect 
condition: in the pupa, however, 
the form of the logs and antonnoo is 
perfectly distinct, and even tho 
wings may bo seen as rudiments 
projecting from tho thorax. This 
kind of chrysalis wo have seen in 
the Cockchafer (fig. 149, b), in which 
tho grub (c) possessed fccbly-de- 
vclopcd legs; and in the Hivc-bcc, 


Fig. 170. 



Mettimorphosoa of the Hive-bee: u, full- 
grown larviv; ft, pupa; c, <2, eggs and young, 
newly hatched. 
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although the larva (fig. 176, a,c,d,ejf) has no legs or exterior ap- 
pendages, in the pupa (h) all the limbs of the perfect Bee are recognized 
with the utmost facility. Yet all these organs arc still enclosed in 
distinct cases (thecce), to each of which names have been applied by 
entomological writers ; and it is only on throwing off the integument 
which thus imprisons the mature insect that the Bee makes its ap- 
pearance in a capacity to begin its active and industrious existence in 
the winged state. 

(911.) Those insects whose larva only differs from the imago in not 
being possessed of wings (fig. 145, c), Fabricius regarded as undergoing 
a semmw/plete metamorphosis; and when the perfect insect did not 
acquire wings at all, but precisely resembled the pupa, he called the 
latter complete, 

(912.) But there are innumerable examples of metamorphosis which 
will not conform to any of the above definitions ; and in some of them 
the phenomena exhibited are not a little remarkable. We have already 
mentioned the changes which the Dragon-fly undergoes (flgs. 146, 147), 
and have seen that in this case there is no very striking resemblance 
between the pupa and the adult creature, but, on the contrary, that 
very wonderful changes occur during the last stage of the metamor- 
phosis. The pupa lives in water ; and, besides six jointed legi^^dagtcd 
to climb the stems of subaquatic plants in search of prey, is possessed 
of a verj^ peculiar locomotive apparatus Tvfticreby it can propel itself 
through the element which it inhabits. Appended to the posterior ex- 
tremity of the abdomen wo find three or five leaf-like appendages, which 
the creature continually opens and closes, and at the same time takes 
in a (juantity of water, sufficient to fill the muscular termination of the 
rectum, which is expanded for the purpose ; this water is, at intervals, 
forcibly expelled, mingled with bubbles of air, and thus effects the 
propulsion of the animal by a mechanism which human ingenuity has 
imperfectly attempted to imitate. 

(913.) But the contrivance above mentioned is also made sub- 
servient to respiration ; for, from the observations of Cuvier*, it appears 
that the interior of the rectum exhibits to the naked eye twelve longi- 
tudinal lines of black spots arranged in pairs ; and these, when exa- 
mined under the microscope, are found to be composed of little conical 
tubes, from which branches go off to join the principal longitudinal 
tracheae that distribute air through the body. 

(914.) Another remarkable peculiarity is met with in the structure 
of the mouth of these aquatic larvae ; for the oral apparatus hero forms 
an instrument of prehension adapted to seize prey at a distance, and 
constitutes, in fact, a kind of projectile forceps of a very curious con- 
struction. Let the reader contrast the following description with that 
already given of the oral organs of the Dragon-fly (§ 818), and observe 
* M6m. de la Soo. d’Hist, Nat. p. 48. 
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the remarkable difference: — ‘‘Conceive,” says Kirby and Spence*, 
“ your under lip to be homy instead of fleshy, and to be elongated 
perpendicularly downwards, so as to wrap over your chin and extend 
to its bottom ; that this elongation is then expanded into a triangular 
convex plate attached to it by a joint, so as to bend upwards again, and 
fold over the face as high as the nose, concealing not only the chin and 
the first-mentioned elongation, but the mouth and part of the cheeks ; 
conceive, moreover, that to the end of this last-mentioned plate are 
fixed two other convex ones, so broad as to cover the whole nose and 
temples ; that these can open at pleasure, transversely, like a pair of 
jaws, so as to expose the nose and mouth, and that their inner edges, 
where they meet, arc cut into numerous sharp teeth or spines, or armed 
with one or more long and sharp claws ; — ^you will then have as accurate 
an idea as my powers of description can give of the strange conforma- 
tion of the lip in the larva) in question, which conceals the mouth and 
face precisely as I have supposed a similar construction of your lip 
would do yours. You will probably admit that your own visage would 
present an appearance not very engaging while concealed by such a 
mask : but it would strike still more awe into the spectators were they 
to see you first open the two upper jaw-like. plates, which would project 
from each temple like the blinders of a horse ; and next, having, by 
ih^ffiism the joint at your chin, let down the whole apparatus and un- 
covered your face, employ them in seizing any food that presented itself 
and conveying it to your mouth. Yet this procedure is that adopted 
by the larvae provided with this strange organ. "While it is at rest, it 
applies close to and co’^rs the face. When the insects would make use 
of it, they unfold it like an arm, catch the prey at which they aim by 
means of the mandibuliform plates (fig. 147, a), and then partly refold 
it, so as to hold the prey to the mouth in a convenient position for the 
operation of the two pairs of jaws with which they are provided.” 

(915.) The metamorphoses of the Gnat {Culex) are not less inter- 
esting. The female deposits her eggs upon the surface of the water, in 
which her ofispring arc destined to pass the earlier periods of their 
existence, gluing the ova together at the moment of their extrusion, 
so as to unite them into a boat-like mass (fig. 177, a) of such beautiful 
construction that the little bark swims secure from injury even during 
the roughest weather. The individual eggs are of a conical form 
(fig. 177, n, a, 6, r), and are closed at their inferior extremity by a kind 
of lid (d), provided to give egress to the mature embryo. The larva (c), 
represented upon a magnified scale at e, bears not the slightest resem- 
blance to the perfect insect, and is provided with a singular modification 
of the respiratory apparatus adapted to its habits. The head is large, 
and carries two ciliated organs (g g), which by their movements bring 
food towards the mouth ; the thorax is even larger than the head, and 
* Introd. to Entom. vol. iii. p. 120. 
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is furnished with fin-liko hunches of minute hairs, as likewise arc the 
segments of the abdomen. To the extremity of the tail is appended a 
group of moveable leaflets or fins, so disposed that by their action they 
sustain the larva at the top of the water, where it generally remains 

Fig. 177. 



MetamorphoBPB of the Gnat (^CnUx pipiend) : — ^A, Boat of eggs. B, a, ft, p, Bomc of the egga 
magniflrd ; anoth<‘r, showing tho lid open, for tho escape of the larva. C, Larva. D, Pupa. 

E, Larva magnirted, showing— p, the respiratory tubes /, tho anal line; gg, the antennoo. 

F, the porf«‘ct insect, magnifledt rtrt, ant^'nnin; 6, rostrum. 

suspended with its head downwards. Such a position would obviously 
render respiration impossible was there not a corresponding arrange- 
ment of the breathing orgons to allow of free communication mth tho 
air. For this purpose, tho respiratory trachea) are found to bo con- 
nected with a tube appended to the antepenultimate segment of the 
abdomen, the perforated extremity of which, being raised above the 
water, prociircs from tho atmosphere the oxygen required for respira- 
tion. After several moults, tho larva, having attained its full growth, 
enters the pupa state, and in this condition still remains an inhabitant 
of the water, and occupies a position near tho surface. A remarkable 
change, however, is visible in all parts of its structure. Tho head and 
thorax (fig. 177, n) are consolidated into one largo mass, xmder which 
the lineaments of the mature insect may be detected ; while the tail 
still continues to be the agent employed in natation. The condition of 
tho respiratory organs, moreover, is completely altered ; the tube fixed 
upon tho antepenultimate segment of tho larva has totally disappeared, 
and instead of it we find two tubes appended to the back of tho thorax ; 
these, although they perform the same office as the anal pipe of the 
lan^a, are thus displaced in order to correspond with tho altered posi- 
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tion in which the animal now swims, — the back of the thorax, and not 
the tail, being nearest to the surface, as represented in the drawing (n). 
The necessity for this change of posture, and consequent removal of the 
apparatus for taking in air from one part of the body to another, will be 
at once obvious when we consider the circumstances under which the 
perfect insect, having completed its development, emerges from its pupa 
investments and enters upon ai^ fieiial existence. The problem to be 
solved is, how shall the mature gnat escape from the water without 
being wetted? and when we consider that neither the larva nor the 
pupa possesses instruments of locomotion capable of enabling it to leave 
its native element by crawling on shorp, the difficulties attending the 
change appear almost insurmountable. It is evident that, while swim- 
ming in the position in which the larva floats (fig. 177, c), the last 
change could not by possibility be accomplished, as the bursting of the 
integument would at once admit the water to the submerged gnat, and 
drown it at the moment of its birth ; but by the new arrangement the 
metamorphosis is easily effected, and that in a manner so beautiful, 
that it is hard to say which is most admirable, the simplicity of the 
contrivance, or the perfection with which the object is accomplished. 
hTo sooner has the encased imago become fitted for its escape than the 
pup^qndered more buoyant, raises its back above the surface ; the 
pr<JCfuaed portion of the pupa-case soon dries, and gradually begins to 
split in a longitudinal direction, so as to form by its expansion a boat 
wherein the gnat swims upon the top of its native pond ; and sustained 
in this frail bark, formed by its late skin, it gradually extricates its legs 
and wings from their coverings, and is kept perfectly dry until the 
expansion of its instruments of flight enables it to soar into the air and 
quit for ever the raft so singularly provided for its use. 

(916.) Having thus become acquainted with the various conditions 
under which insects arrive at maturity, and the principal forms that 
they exhibit during the different stages of the metamorphosis, the reader 
will be prepared to investigate more minutely the changes in progress 
during the process, and the gradual development of the organs which 
successively make their appearance. On examining the viscera of a 
Caterpillar, they arc found scarcely at all to resemble those of the 
Butterfly or Moth, into which a larva of this description is ultimately 
matured. The jaws (fig. 180, h h), widely different, both in structure 
and office, from the proboscis which represents them in the perfect 
insect (fig. 160), are strong and homy shears adapted to cut the leaves 
of vegetables and other coarse materials used as food ; the oesophagus 
(fig. 178, g li) is strong, muscular, and capacious ; and the stomach 
Qi i), in capacity corresponding with the extraordinary voracity exhi- 
bited by the larva, passes insensibly into a wide intestine (I m), the 
lino of separation being only indicated by the entrance of the biliary 
vessels (Jc) that wind in numerous convolutions around the posterior half 



Viscera of a Caterpillar: g h, oesophagus; h », stomach; k, hepatic vessels; I m, intestine; 
q,r, salivary glands; p, salivary duct; a be, longitudinal tracheal trunks; d,€eee, air-tubes 
distributed to the viscera; fff, the epiploon or fat-mass; vxg, silk-secretors ; z, their ex- 
cretory ducts, terminating in I, the spinneret orfueiduz. 
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of the digestive organs with what wo have already described in the 
Butterfly (fig. 160), to appreciate the amazing dissimilarity: it would 
be difficult, indeed, to imagine, did not anatomy convince us of the fact, 
that the digestive apparatus of the imago, with its slender oesophagus, 
dilated crop, short sacculated stomach, long and convoluted small in- 
testine, and capacious colon, was derived from a gradual modification of 
such viscera as those we have just been considering. The salivary 
glands of the Caterpillar (fig. 178, q, r) are large cylindrical caeca ; and 
their ducts (jp) pour into the mouth an abundance of saliva proportioned 
to the coarse nature of the materials used as food. 

(917.) Tbo sides of the body are traversed by the wide longitudinal 
tracheae {a h c), that communicate on the one hand with the lateral 
spiracles, and on the other give off at regular intervals the air-tubes 
(d, eeee)f which ramify most minutely over all the viscera, and convey 
the atmospheric air throughout the entire system. 

(018.) Besides the above organs, there are other viscera, which, 
although of considerable importance to the Caterpillar, would bo utterly 
useless to the imago, and consequently are more or less completely want- 
ing in the mature shite. 

(019.) The whole body of the larva is filled with a peculiar fatty tissue 
f /), called by entomologists the rete, epiploon^ or fat-mass. 
This material, found in great abundance in mature and well-fed larva), 
consists of an oily or greasy substance enveloped in a most delicate 
cellulosity, and seems to correspond to the fat of higher animals, like 
which it is indubitably a product of digestion, and a repository of super- 
abundant nourishment, stored up, no doubt, for the sustenance of the 
animal during its hclplcas condition in the dormant or pupa state — 
serving, like the fat of hibernating quadrupeds, for food during the con- 
finement of the imago. 

(020.) But the most remarkable peculiarity of the larvte under con- 
sideration is the presence of an apparatus employed for producing a 
tenacious thread of extreme delicacy, appropriated by different species 
to various purposes. In many cases (fig. 148), it is made subservient to 
locomotion ; and by its assistance, as by a rope, the larva can suspend 
itself from any object, or let itself down from one branch to another in 
s jareh of food. The most important uses, however, to which this thread 
is applied are connected with the concealment and protection of the 
quiescent and defenceless pupaj either furnishing the moans of sus- 
pending the chrysalis in a place of safety* (fig. 179), or, as is the case 

* For a most amusing account of the manner in which some chrysalides manage, 
without any ericmftl limbs, to suspend themselves by the tail in a position of soenrity, 
the reader is referred to Kirby and Spence, vol. iii. p. 207. Fig. 179 (in the next page) 
ilhiatmtcs tho diffomut steps attending the process. The larva (.\). Ijaving spun some 
loose silk, and fixed it upon the under side of a leaf or otlier suitable object, suspends 
itself therefrom by its hind-legs. The skin of the caterpillar then gradually splits down 
the back (b, c), and is slowly pushed upwards towards the tail of the clirysalis. The 



SILK-SECERNING APPARATUS. 


355 


with the Silkwonn (fig. 175), supplying the material with which the 
caterpillar encases itself pre- j,. 

paratory to throwing oif the e* ^ ♦ 


last skin of the larva. The 
thread of the last-named in- 
sect, the Silkworm, is of great 
tenacity ; and, notwithstand- 
ing its fineness, may he wound 
off from the cocoon in a con- 
tinuous thread, forming the 
important article of commerce, 
silk. 

(921.) Nothing can be more 
simple than the apparatus 
provided in caterpillars for 
the production of this valu- 
able commodity: — Placed on 
each side of the intestine are 
two long and tortuous se- 
creting cmca (fig. 178, vary), 
that separate from the sur- 
rounding juices of the body a 



tenacious viscid fluid, which 
is liquid silli. The viscid se- 
cretion thus formed is in the Silk- 
worm of a golden-yellow colour, 
and is conveyed by the excretory 
ducts of the secerning organs (z) 
to the labium or undcr-lip, where 
the ducts terminate at the base of 
a tubular instrument, the fusulus 
or spinneret, througli which the 
silk is drawn (fig. 180, c). The 
fusulus of the ^^ilkworm, repre- 
sented in the annexed figure upon 
an ‘enlarged scale, is a simple 
nipple-shaped prominence, perfo- 
rated at its extremity, and sur- 
rounded by four rudimentary palpi. 
When about to spin, the larva, hy 

placing the extremity of its spin- 

neret in contact with some neigh- ^ 


whereby a ebryBivlis beoomeR nu8i)endcd by 
I the tail. (See note.i). 3.^1.) 


Fig. 180. 



Heatl of a Caterj'a'War from beneath r a a, 
kaneg; 6 6, horny jaws; c, thread of silk 
from the eonioal fuBUluS, which IS 
en surrounded by four rudimentary palpi. 


pupa now lays hold of the old skin, nipping it between the rings of the abdomen, 
and hanging in this posture inserts the apex of the tail, which is covered with hooks for 
the purpose, into the silk previously deposited, and thus remains fixed in safety (»). 
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bouring object, allows a minute drop of the glutinous secretion to 
exude from its extremity, which, of course, adheres to the surface upon 
which it is placed : the head of the Silkworm being then slowly with- 
drawn, the fluid silk is drawn out in a deHoate thread through the 
aperture of the spinneret, its thickness being regulated by the size of the 
oriflce, and, immediately hardening by the evaporation of its fluid parts, 
forms a filament of silk, which can be prolonged at the pleasure of the 
animal until the contents of its silk-reservoirs are completely exhausted. 

(922.) Such is the structure of the larva of a Lepidopterous insect ; 
and the arrangement of its internal viscera, when arrived at maturity, 
has been already described. We have yet, however, to mention the 
series of phenomena observable during the progress of its growth, and 
the mode of its expansion from the minute size that it exhibits on leaving 
the egg to the full dimensions which it ultimately acquires. In order 
fully to understand the circumstances connected with this part of our 
subject, it is necessary to premise that the outer integument of most 
larvae is of a dense corneous texture, coriaceous in some parts, but quite 
hard and horny in others. In the second place, it is but very slightly 
extensible j and, moreover, as is always the case with cjridcrmic struc- 
tures, it is not permeated by any vascular a])paratus, and consequently 
iH^a«bf??Jft?icly incapable of growth when onco formed. This epidemis 
encases every portion of the larva : the body, the legs, the antennae, tho 
jaws, and all external organs arc closely invested with a cuticular 
envelope, such as, from its want of extensibility, would form an in- 
superable obstacle to development, were there not some extraordinary 
provision made to meet tho necessity of tho case. The plan adopted is, 
to cast off at intervals tho old cuticle by a process termed moulting — an 
operation which is repeated several times during the life of the insect in 
its larva condition, and is accomplished in the following manner : — The 
caterpillar becomes for a few days sluggish and inactive, leaves off 
eating, and endeavours to conceal itself from observation. Tho skin, or 
more properly tho cuticle, becomes loosened from the subjacent tissues, 
and soon a rent appears upon the back of tho animal, which gradually 
enlarges in a longitudinal direction, and the imprisoned insect, after a 
long scries of efforts, at length succeeds in extricating itself from its old 
Cv>vcring, and appears in a new skin of larger dimensions than the one 
it replaces, which, however, in all other particulars it closely resembles. 
With the old epidermis the larva throws off all external appendages to 
tho cuticle : tho homy coverings of the jaws, the cornea) of the eyes, the 
cases of the claws, are all removed ; and many writers have even found 
attached to the exuviae an epidermic pellicle that had formed a lining to 
the rectum, and delicate prolongations of the cuticle derived from tho 
interior of the larger ramifications of the air-tubes. Absurd, indeed, 
have been tho explanations giyen by various writers of the nature of tho 
process under consideration. Swammerdam and Bonnet, nay, even our 
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own illustrious entomologists Kirby and Spence, believed that even at 
the birth of the caterpillar all these skins existed ready-formed one 
beneath the other, and that the most external being removed at intervals 
displayed in succession the skins placed underneath. Surely the advo- 
cates of this extraordinary theory could scarcely have reflected upon the 
real object of the moults in question (namely, to provide a succession of 
larger coverings proportioned to the continually increasing bulk of the 
larva) when they advocated this strange doctrine, alike at variance 
with observation and sound physiological principles. The epidermis and 
all cuticular structures are mere secretions from the subjacent cutis or 
true skin ; and it can be no more necessary to suppose the pre-exist- 
ence of so many skins in order to explain the moults of a larva, than to 
imagine that because, when in our own persons the cuticle is removed by 
the application of a blister, a new layer of epidermis is again and again 
produced, man should possess as many skins, one beneath the other. 
Nothing, in fact, can be more simple and free from the miraculous than 
the whole process ; at pertain periods, when the old cuticle has grown 
too small, for the rapidly-enlarging dimensions of the insect, it becomes 
gradually loosened and separated from the vascular and living skin or 
cutis by which it was originally secreted ; and, a new secretion of corneous 
matter taking place, a fresh and more extensive layer of cuticlA^tdr'jJy 
formed, and then the old, dry and dead epidermis, being quite detached, 
is split by the exertions of the larva, ^nd the newly-secreted layer 
placed beneath it appears. When the old skin is at length complotcdy 
thrown off, the newly-formed one soon hardens by exposure, and the re- 
clothed caterpillar assumes again its former activity and habits. 

(923.) Neither is the change from the larva to the pupa or chrysalis 
less easily explained, althougli regarded by our forefathers as being so 
mysterious and astonishing a phenomenon. Accordingto the hypothesis 
above alluded to, after removing three or four skins in the embryo larva, 
the anatomist ought to have arrived at the totally different pupa-ease 
ready-formed, and only waiting for the removal of the coats above it to 
exhibit its characteristic form. Leaving, however, such visionary notions, 
let us examine the real nature of this portion of the metamorphosis. 
The reader will bear in mind that, whatever the form of the exterior or 
epidermic crust, it is merely a dead and extra- vascular secretion, un- 
changeable when once deposited. But the living skin or cutiSf beneath 
it, is, during the whole jirocess of the metamorphosis ^ undergoing great 
and important changes — increasing only in size during the lar\^a condi- 
tion, but when perfectly organized, developing itself at different points, 
and expanding into variously-shaped organs which did not previously 
exist. In the Dragon-fly, for example (fig. 147), when the cutis had 
become expanded to its mature la^'va condition, it secreted from its 
surface the external epidermic crust which gives form to the larva (n) ; 
this outward integument remains, of course, unchanged when once 
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formed, and retains the same appearance during the whole period of the 
existence of the insect in its larva state ; but underneath this cuticle, 
and consequently concealed from observation, the growth of the living 
dermis still goes on, and important organs begin to appear, which had 
no existence when the last larva-investment was secreted. The wings 
have sprouted as it 

were from the shoul- Fig. 181. 

ders, and already have 
attained to a certain 
growth; the whole in- 
tegument of the larva 
becomes useless, and a 
new one is wanted; 
the process already de- 
scribed is repeated, — 
the old cuticle becomes 
detached from the sur- 
face of the body, and 
the cutLs begins to se- 
crete for itself a now 
C(W*er^'^mouldcd upon 
its own shape. The 
newly-formed wings, 
therefore, and other 
newly-developed pro- 
cesses of the dermisj 
secrete homy coverings 
for themselves in the 
same manner as other 
parts of the surface of 
the body ; and thus, 
when the insect leaves 
its old skin, and once 
more escapes from con- 
finement, it presents to 
view the wing-cases 
which distinguish the 
pupa. 

(924.) Whatever may 

be the form of the pupa. Metamorphosis of tho Dragon-fly. A, B, escape of the imago 

its covering is secreted pupa-case; C, expansion of the, as yet, undeve- 

. . ® loped wrings. 

m a similar way ; it is 

the living and vascular skin which, though concealed, continually grows 
more perfect in its parts ; and the cases secreted by it at distant intervals 
correspond in shape with the different phases of its development. 
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(925.) After having attained the pupa state, the last stei)s of the 
process arc completed, and the dermic system becomes fully developed 
in idl its parts. The oral apparatus attains its perfect condition ; the 
wonderfuUy-claborate structure of the eyes is completed ; the antenna) 
assume their full development ; the legs, enclosed in those of the pupa, 
attain their mature form ; and the wings, which have been continually 
growing, although concealed in the wing-cases of the pupa, acquire their 
ultimate size : the perfect insect is ready for liberation, and, enclosed in 
its last covering, creeps out of the water in which it has so long resided, 
to enter upon a new state of existence. Fixing itself upon some plant 
in the neighbourhood of its birthplace, the imprisoned Dragon-fly splits 
its pupa-case along the back (fig. 181, a), and slowly extricates its head 
and body ; it then draws its wings from their coverings, and its legs from 
those of the pupa as from cast-off boots ; and at length (fig. 181, b), get- 
ting its body from its now useless covering, it becomes entirely free. 
The wings, before soft and crumpled, slowly expand (fig. 181, c) ; the 
nervures harden ; the extended membranes dry ; and in a short time the 
winged tyrant of the insect world (fig. 146) commences his aerial career, 

(926.) A strong argument in favour of the above views concerning 
the production of successive skins from the dermis is derived from the 
phenomena attending the cure of woumls in insects. If a per%;^„aR'lg®^ 
be wounded, the wound is never healed at, aU ; and if a larva or pupa 
is similarly injured, the wound remains/ uncicatrized until the next 
moult, when the newly-formed integument is found to exhibit no traces 
of the injury. The secreted and extra- vascular cuticle cannot cicatrize ; 
but the living and vascular dermis is not only able to repair injuries in- 
flicted upon itself, but, in secreting the next investment, to obliterate all 
indications of their occurrence. 

(927.) The changes above described are produced by the progressive 
development of the dermic or tegumentary system, the parts of which, 
as we have already seen, becoming strengthened and consolidated by 
degrees, ultimately acquire that density of stnicturo which the external 
skeleton of the insect exhibits in its perfect or imago state. But while 
this extraordinary metamorphosis is going on externally, other changes 
not less important are in progress in the interior of the body. The size 
of the alimentary canal, and the shape, proportionate dimensions, and 
general arrangement of the different parts composing it are secretly 
and imperceptibly undergoing variations in accordance with the altered 
necessities of the animal. We have already seen a conspicuous example 
of this in Lepidopterous insects, § 916 ; and in other orders equally 
striking instances might easily be selected. One of the most remark- 
able is met with in many Hymenoptera, as, for example, in Bees {Apis), 
Wasps {Vespa), and Ant-lions {Formica led), as well as in most of the 
Ichneumonid(^. In all these genera, the larva being concealed in a 
close cell during its development, under circumstances which would 
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render the evacuation of cxcremcntitious matter an obvious incon^'cni- 
enco, both the larva and pupa (fig. 170) are entirely without either 
intestinal canal or anal orifice, — what little excrement is producetl by 
the digestion of the highly nutritive substances wherewith these laiToe 
are fed being collected in a blind cavity or caecum placed behind the 
stomach, until the accomplishment of the last change — at which period, 
the insect, liberated from its confinement, becomes provided with a per- 
vious intestine, and able to got rid of feculent matter. 

(928.) The fat-mass (§ 919), which at the close of the larva state 
has reached its maximum of development, is gradually absorbed during 
the concealment of the insect in its pupa-case, its nutritive portions 
being no doubt appropriated to the nourishment of the pupa ; so that 
in the mature insect the fatty material has almost entirely disappeared, 
nothing being left in its place but the dense cellular web in which the 
fat had been deposited. 

(929.) The silk-secreting apparatus of such genera as possess the 
means of spinning a silken thread is peculiar to the larvae ; and, after 
the commencement of the pupa state, no traces of its previous existence 
are to be detected, 

(930.) But while the above-mentioned organs disappear, others be- 
co^jlgjjfk^^loped ; and the perfect insect is found to possess viscera for 
which a skilful anatomist might seek in vain in the earlier stages of its 
existence. The (jenemtive system appears, at first, to bo absolutely 
wanting in the larva ; but Herold*, after much patient investigation, 
succeeded in detecting the undeveloped rudiments of the future sexual 
organs both of the male and female. It is during the maturation of 
the pupa that these important parts expand ; and before the disclosure 
of the imago they are found to have attained their complete propor- 
tions, so as to bo ready to perform their functions as soon as the ex- 
pansion of the wings endows the insect with means of locomotion suffi- 
ciently perfect to ensure the duo dispersion of tlie species. 

(931.) It is in the nervous system, however, that the most interesting 
phenomena are observable ; and in the lessons afforded by watching the 
correspondence between the state of the animal during the several 
phases of its existence and the development of the nervous ganglia, the 
physiologist cannot fail to recognize those great and general principles 
upon which our arrangement of the animal creation is based. In the 
worm-like larva the ganglia arc numerous, but of small dimensions — 
too feeble to be capable of animating powerful limbs, or of appreciating 
impressions from the organs of the higher senses j the animal is, in fact, 
precisely in the condition of an Annelidan, which it would seem to 
represent. External limbs are therefore absolutely wanting in many 
larvfle ; in others they are represented by short and stunted appendages ; 
and even in the most perfect, or hexapod larva), they are feeble instni- 
* Entwickelungsgeschiohte dor Schmotterlinge. 1815, 4to. 
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monts in comparison with those of the mature imago. The senses ex- 
hibit equal imperfection ; and eyes are cither entirely wanting, or are 
mere ocelli — simple specks, exhibiting the lowest possible organization 
of a visual apparatus. But as the growth of the larva goes on, a change 
in tho arrangement of the nervous sj^stem is perpetually in progress. 
The series of nervous cords connecting the different paii*s of ventral 
ganglia in the larva (fig. 182, a) become flexuous as the insect attains 
the pupa state ; the whole chain becomes shorter ; the brain, or ence- 
phalic ganglion, increases in its proportionate dimensions ; and, more- 
over, several ganglia, originally distinct, coalesce, and form larger and 
more powerful masses (fig. 182, n). This coalescence of the ganglia, 


Fig. 182. 

B C > . A 



Changes which the nervous system undergoes during the progress of Insect metamorphosis. 
A, Nervous system of the Larva. B, that of the Pupa. C, that of the Imago or perfect insect. 

which takes place more especially in the thoracic region, is evidently 
a preparation for the concentration of greater power and activity in this 
part of the body ; and although in inactive chrysalides this change is 
not as yet visible by its effects, in the active forms even the pupa is 
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distinguiBhcd from the larva by a considerable increase of vigour and 
energy in its movements. In the wmyo the concentration of the nervous 
centres is carried to that extent which is adapted to the necessities of 
the mature state : their number is still farther reduced (fig. 182, c) ; 
their size, in the thorax especially, considerably increased; and the 
brain, now arrived at its maximum of development, is furnished ^vith 
the wonderful apparatus of eyes, and other instruments of the senses, 
which heretofore would have been absolutely useless, but now, with the 
expansion of the brain, have become suited to the more exalted faculties 
of the insect. 

(932.) Many insects are capable of producing audible sounds ; and 
sometimes the noises they make are exceedingly shrill, and may bo 
heard at some distance. Such sounds originate from various causes in 
different tribes, and it is not always easy to detect the mode of their 
production. In many Beetli^ they are caused by nibbing difierent 
parts of their dense integument against each other ; and the chirping of 
several Orthoptera seems to have a similar origin : the acute note that 
these insects utter is apparently produced by friction, the edges of their 
hard pcrgamentaceous wings being either scraped against each other, 
or against the long and serrated edges of their thighs. The buzzing 
and Mfiming noises heard during the flight of many genera result from 
the forcible expulsion of the air as it streams through the respiratory 
spiracles, whose orifices Burmeister imagines arc furnished with vibratory 
laminse, to the rapid movements of which the noise may be due. In the 
genera Gryllus and Cicada among the Orthoptera, 
however, there is a peculiar apparatus specially 
provided for the production of the loud chirping to 
which such insects give utterance. Upon the first 
segment of the abdomen, covered by a broad move- 
able plate (fig. 183, a), there is a large aperture, 
wherein a tense plicated membrane is observable. 

This membrane is acted upon internally by cer- 
tain muscles able to throw it into rapid vibration, 
and thus give rise to the sound in question. 

(933.) One other point connected with this 
interesting class of animals requires brief notice. 

Many insects are endowed with the faculty of 
emitting phosphorescent light, which is in some 
species exceedingly brilliant. Tho Elateridce 
among Beetles are pre-eminently luminous ; and piato drawn nVidrio display 
in them the light seems to be principally given pi>cated membrane; 6, 
out by two oval spaces upon the thorax, which 
in tho dead insect are of a greenish hue ; during life, some species 
{Elater noctilucus) are so strongly phosphorescent as to enable a person to 
read a book by passing the animal over the lines. Tho Lampyrides emit 
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a light of great biilliancy ; and in Italy, during the summer nights, the 
groves, illuminated by their incessant scintillations, exhibit a scene 
equally strange and beautiful. The females of Lampyris noctihica have 
two largo yellowish- white luminous plates upon the ventral surface of 
the sixth and seventh abdominal rings, and, besides these, two minute 
organs of a similar description on the eighth or caudal segment. The 
latter only (and these of a smaller size and greyish transparent hue) are 
present in the males. 

(934.) All the luminous organs, both ventral and lateral, present 
essentially the same structure, consisting of an investing membrane 
enclosing a parenchyma composed of tracheae and nerves surrounding 
groups of colls so densely filled with white, spherical, minute granules, 
having an oily aspect when viewed by transmitted light, that no other 
constituent can bo seen in them ; and from experiments, as well as the 
anatomical facts, EoUiker concludes that the luminous organs are a 
nervous apparatus, whose nearest analogues are to be sought for in the 
electrical organs of certain fijshes*. 


CHAPTER XIII. 

AEACraiDAf. 

(935.) The Arachnidans, long confounded with Insects, and de- 
scribed as such even by recent entomologists, are distinguished by 
characters of so much importance from the animals described in the 
last chapter, that the necessity of considering them as a distinct class 
is now no longer a matter of speculation. In Insects, the external 
skeleton presents three principal divisions — the heady the thoraxy and 
the abdomen ; but in the Spider tribes, the bloodthirsty destroyers of 
the insect-world, the separation of the head from the thorax, which, 
by increasing the flexibility, necessarily diminishes the strength of the 
skeleton, is no longer admissible ; and, the process of concentration 
being carried a step further, the head and thorax coalesce, leaving only 
two divisions of the body recognizable externally, viz. the cephah- 
thorax and the abdomen. Insects, in their mature forms, were found 
to be invariably famished with only six legs, but in the adult Arach- 
nidans eight of these limbs are developed. These characters in them- 
selves would be sufficient to discriminate between the two orders ; but 
when to these wo add that in the Arachnidans the eyes are invariably 
smooth, that the antennae of Insects are represented by organs of a 

* Verhandl. d. Wurzb. Phys. Med. Qes. viii. 1857. 
t ’Xpaxvri, a spider. 
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totally different description, that the sexual aijcrtiircs are cither situated 
beneath the thorax, or at the hnse of the abdomen, and, moreover, that 
in the greater number of Araehnidans respiration is carried on in 
localized lungs {pulmonihrayichm)^ instead of by trachea) as in Insoets, 
wo need not enlarge further in the jn’csent place upon the propriety of 
ranking the Arachnida as a separate class. These animals may he 
grouped under three principal divisions, — the first of which is evidently 
an intermediate type of organization, combining many of the characters 
of the Insccta with the external limbs and palpi of proper Arachnida. 

(936.) The Arachnida Trachearia, in fact, breathe by means of 
trachoDB resembling those of Insects, which arc so arranged as to convey 
air to every part of the system ; and we may therefore suppose tluit 
their circulatoiy apparatus, as well as their secerning organs, conform 
more or less to the tj^ie of stnicture met with in the class last described. 
The Mites XAcanda?) belong to this division, and form a very numerous 
family, which is extensively distributed. Some are parasitic in their 
habits, infesting the bodies of insects ; and one, the itch-insect (Acarus 
scabiei), is found occasionally upon the h?iman skin. Many live in 
cheese and other provisions, whore they multiply prodigiously ; and not 
a few inhabit leaves, or are found under stones or beneath the bark of 
troes.'^iSome {Hydrachna) are aquatic ; but, unfortunately, in all, from 
their extremely minute size, the investigation of their internal viscera 
presents so many difficulties, that but little is satisfactorily known con- 
cerning their anatomy; even the pseudo-Scorpionidee, which are of 
larger growth and, although still breathing by tracheae, approximate 
most closely to the outward form of the next group, have been very 
imperfectly examined. 

(937.) In the Acaridans, the most remarkable feature of their 
structure is the complete consolidation or coalescence of the principal 
divisions of the body, which arc always more or less distinct in the other 
Articulata ; for not only do wo find in them the head consolidated with 
the thoracic portion, but the abdomen likewise is swallowed up, as it 
were, in the general covering of the body. The legs, as in other Arach- 
nidans, are eight in number, and arc generally composed of seven articu- 
lations, of which the first, which is sometimes adherent and sometimes 
free, corresponds with the coA'a of Insects, the second with the tro- 
chanter ; the third, representing the femur, is often more developed than 
the rest, whilst the remaining constitute the tibia and the tarsal joints. 
The last segment of the tarsus, or foot as it might be called, is furnished 
with two moveable hooks, that can be folded back, and lodged in a slight 
excavation provided for the pui*pose. 

(938.) In accordance with their structure, which is adapted to the 
habits of the various races, the feet of the Acaridans may he divided 
into such as are adapted for feeling (palpaforii), in which the ultimate 
joint is dilated ; for walking (grmorii) ; for swimming (remu/anfes)^ 



ALIMENTARY APPARATUS. 


305 


having the last joint expanded and ciliated, as in some, but not all, of 
the aqiiati(j tiibes ; for running (eiirsorii), where it is long and slender ; 
for weaving which ease the ultimate segment is provided 

with very short and much-curved hooks, and the antepenultimate with 
four elongated stiff bristles longer than the foot ; and lastly, such as are 
formed for a j)arasitie life, or canmculated (c((runculati)j in which, su- 
peradded to the hooks, is a caruncle or broad membrane wherewith the 
creature fixes iistdf to a smooth surface, sometliing in the same way as 
the sucker of a Leech. 

(9/39.) The mouth is composed of two moveable pieces called the 
mandibles, beneath which is a broad plate (labium)^ which is either fiat 
or folded laterally so as to form a kind of gutter, and, moreover, is fur- 
nished on cacli side with a nidimentary palpus. The mandibles arc 
generally free, but in some cases are united together and conjoined witli 
the labial piece, so as to form a short tube or proboscis, near tlie end of 
wliich may be perceived a pair of moveable tooth -like structures, adapted 
to pierce the substances whence these suctorial races obtain their liquid 
food. When the mandibles remain entirely free and moveable, they ex- 
hibit, as was pointed out by M. Duges*, three principal modifications 
in their structure: 1st, they are forcipated (fig. 184), like those of 
Scorpions ; secondly, they may bo terminated by a single nfe^eable 
fang (fig. 186, c), as is the case in Spiders; and lastly, they may bo 
composed of two long styles which are capable of alternate movements 
backwards and forwards, whereby they can perforate foreign substances, 
much in the same manner as the saw of the Tenthredo among insects. 
The first of these forms are never provided with any poison-apparatus, 
and are only adapted to tear and pull to pieces alimentary substances ; 
but in the second form poison-glands are superadded to the curved fangs, 
which, as in the i)roper Arachnidans, thus become formidable weapons. 

(940.) The arrangement of the digestive apparatus in the Acaridans 
is one of the most interesting points in the economy of these creatures. 
Behind the mouth, M, Dujardinf was able to detect, in Tromhidium and 
Lhtinocliares, a cylindrical pharjmx, with distinct parietes, into which 
are implanted numerous muscular fibres calculated to assist in the 
operation of suction by dilating the pliaryngeal cavity ; but posterior to 
this no traces arc perceptible of either oesophagus, stomach, or intestine, 
so that, apparently, the juices of organized bodies, which constitute the 
sole food of these creatures, must be lodged in lacunary spaces, destitute 
of any proper walls, in the middle of a bro'WTi parenchymatous mass, 
which probably performs the functions of the liver. The lacunm, into 
which nourishment is thus received, must necessarily be prolonged 
amongst the tissues and in the interspaces between the muscular fasci- 
culi throughout the entire body, thus replacing altogether the circu- 
lating fluid ; and even when living specimens of such genera (Dernia- 
* Ann. dc8 Soi. Nat. 1834. t Id. 1845, t. iii. p. 14. 
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nyssiis, OamasuSy Bdelld) as are sufficiently transparent are submitted 
to examination under the microscope, although it is easy to see that 
the blood or other nutritive juices upon which the creatures live, and 
with which their bodies arc filled, occupies a lobed or symmetrically 
multifid space, there is no appearance of any canal possessing distinct 
walls, but the whole seems diffiised through lacuna) that extend even 
into the bases of the legs. 

(941.) The Acariy however, possess an anal orifice, through which 
excremontitious matter undoubtedly issues ; nevertheless, on examining 
this excrementitious substance, it appears rather to present the clia- 
racters of a secretion, as, for example, in the case of the genus Uropoda, 
where it becomes consolidated on exposure to the air into a little horny 
stem, upon which the creature is attached as upon a pedicle. It might 
therefore, as M. Dujardin observes, bo possible to conceive this kind of 
digestion in a mass acting much in the same way as the glands upon 
the nutritive juices submitted to their action. 

(942.) In the most simply organized Acaiidans, such as Acarm and 
Sarcoptesj no traces of any respiratory apparatus are discoverable, and 
respiration seems to be entirely effected by the general surface of the 
body. In IxodeSy Qamasmy and other Acaridans furnished with forci- 
patodlfeindibles, on the contrary, numerous elegantly-ramified tracheae, 
of which the larger trunks are distinguishable by a spiral filament, re- 
sembling that exhibited by the tracheae of Insects, are dispersed through 
the body. Those respiratory tracheae communicate externally through 
the medium of minute stigmata, which in Oribates are situated between 
the first two pairs of legs. 

(943.) Between these two extremes in the development of the 
respiratory system of the Acaridans, numerous intermediate grades exist 
in different genera ; and, in some, M. Dujardin* has pointed out a mixed 
kind of respiratory process very different from anything as yet observed 
among articulated animals ; this consists in a system of tracheae ter- 
minating at a respiratory mouth situated at the base of the mandibles, 
and serving only for expiration, wliile inspiration is effected by the 
general integument and its appendages. 

(944.) To render intelligible this phenomenon, it will be neccssaiy 
to lay before the reader the description given by M. Dujardin of the re- 
spiratory (or, rather, expiratory) apparatus os it exists in Tromhidium. 
It is as follows : — At the base of the mandibles superiorly is seen an 
oblong orifice, bounded by two lips, the structure of which is altogether 
remarkable : it is a perforated eminence (hourrelet reticule d jour) y the 
internal cavity of which communicates with two large tracheal vessels 
which run parallel to each other from behind forwards to this orifice. 
Each of the tracheal trunks, at a little distance from the orifice, sud- 
denly divides itself into a tuft of tubular trachea), which are without 
^ Loc. (if. p. 17. 
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any internal spiral filament, and which arc distributed without any 
ramifications throughout all 2 >arts of the body. On observing a living 
Troinbidium, it is seen frequently to agitate its mandibles as though to 
produce some movcmient of the air contained in the respiratory apparatus, 
and if at the same time a little water bo placed upon the respiratory 
orifice, it is sometimes seen to become inflated with little bubbles of air. 

({J45.) On dissecting a Trombidium, there is seen beneath the in- 
tegument, which is covered with plumose hairs, an elegant network, 
made of a diaphanous substance of homogeneous appearance, which 
ai)pears to be in relation with the plumose appendages of the integu- 
ment, and in concert with them serves to absorb the gaseous elements 
that arc subscciuently emitted externally through the tracheal orifices. 

(940.) In Hydravhiia and the aquatic Acaridans, the expiratory 
sj’stem is similar to that which exists in Trombidium, only that, instead 
of plumose hairs upon the surface of the body, there arc stomata some- 
thing resembling those of plants — ^that is to say, apertures covered over 
with a very delicate membrane, beneath which is a subcutaneous net- 
work, such as exists in the terrestrial species. 

(947.) The nervous system in Trombidium, and probably of the 
other Acari, presents a very remarkable arrangement, consisting en- 
tirely of a single large globular ganglion, from which nervous filifncnts 
arc given off, both before and behind. The researches both of Trevi- 
ranus and M. Dujardin deny the existence of anything like a supra- 
cesophagcal ganglion or nervous collar around the msophagus. 

(948.) The eyes of the Acaridans are generally four in number, 
sessile, and approximated together in pairs upon the dorsal surface of 
the cephalothorax. In some cases, however, the eye is solitary, and 
composed of eight or ten minute facets. 

(949.) Trombidium is the only Acaridan in which either M. Dujar- 
din or Treviranus could discover the presence of a tubular two-branched 
ovarium ; generally speaking, throughout this order of Arachnidans, the 
ova are produced in the substance of the general tissue of the body, 
without the presence of any ovarian apparatus with distinct parietes 
being apparent. The genus Oribates produces living embryos covered 
with a soft and wrinkled integument, which, as its development ad- 
vances, becomes hard and crustaceous ; in these Acari, therefore, in 
order to enable them to bring forth their young, it is necessary that the 
orifice of the vulva shall be of extraordinary dimensions ; and accordingly 
it is found to be, in species thus constituted, a large oval orifice, occupy- 
ing one- third or one-fourth of the entire length of the body, the opening 
being closed by two valves. In front of this large orifice, which is placed 
posteriorly, is another round opening, likewise terminated by valves, 
which gives issue to a long membranous tube, folded longitudinally and 
furnished udth retractor muscles. It would appear possible, therefore, 
that this is a penis, and that Oribates is hennaphrodite ; for, seeing that 
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the young are bom alive, it cannot be looked upon as an ovipositor, or 
as furnishing any secreted defence for the ova. 

(950.) In conclusion, it seems evident, from the above-recorded cir- 
cumstances connected with the organization of the Acaridan Arach- 
nidaiis, that much of their history is as yet involved in great obscurity ; 
sufficient, however, has been said to show that much interest is attached 
to many points in the economy of these minute creatures. 

(961.) The rest of the Arachnidans breathe by means of lungs, or, 
as they are more properly designated, pulrnmary hranchicB, and conse- 
quently, in contradistinction to the last-mentioned, are called by zoo- 
logists Abachnida PumoNAEiA ; such are the Scorpions and Spiders, 

•Fig. 184^’ 



Scorpion (ventral aspect). 


(952.) The Pedipalpi, forming the second division, are at once 
recognized by the peculiarity of their external configuration. Their 
palpi (the representatives apparently of the maxillaiy palpi of Insects) 
are exceedingly strong, and furnished at their extremity with a pre- 
hensile forceps ; the hinder part of the body, corresponding with the 
abdomen of Insects, is much prolonged, and composed of numerous 
articulated segments, terminated in the Scorpion tribe by a sharp unci- 
fonn sting (fig. 184) armed with a venomous secretion. 

(953.) The third section embraces the Akaneid^, or Spiders, di- 
stinguished by having the abdomen short and globular, and furnished, 
moreover, near its posterior termination with spinnerets, by means of 
which these animals manufacture silken filaments applicable to a great 
number of purposes, and especially employed in constructing what is 
usually named the spider’s weh. The maxillary palpi in the females 
arc simple, and more or less resemble feet ; but in the males they often 
form a remarkable apparatus, to be described in another place. The 
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jaws arc also armed with sharp and hooked fangs, and perforated near 
their points for the emission of a poisonous secretion provided for the 
destruction of their prey, the venomous properties of which emulate 
that of the most formidable Serpents, and in like mann^ speedily ter- 
minate the sufferings of the victim. 

(954.) Beginning with the first division, wo shall now proceed to 
place before the reader such facts as have been asccrtidncd, connected 
with the anatomical structure of the class under consideration. In 
the AcaridcBj or Mites, the skin of the entire body is so soft, that any 
annulose structure is scarcely distinguishable ; the division, however, 
into cepJialothorax and abdomen is sufficiently evident. The eyes are 
minute black points, never cxgp^ng four in nhmbor, and resembling 
the ocelli of insects. Eight fedble legs are articulated with the thorax, 
properly so called. The mouth adapted to suction j and the jaws 
form a piercing instrument barbed ht the extremity. The structure 
of the respiratory stigmata or spiracles^ would seem to differ very 
considerably from those of insects. According to Audouin, in the 
species which ho examined {Ixodes Erinacei*)y each spiracle resembles 
a spherical tubercle perforated by an infinite number of small holes, in 
the centre of which may be remarked a larger circular plate ; and it is 
through those numerous foramina that the air enters the bodyund gets 
into the tracheae. t 

(955.) The Pulmonary Arachnidans, both of^he pedipalp and spinning 
divisions, arc strictly carnivorous in their habits, living upon the juices 
of the insects they destroy ; and we may consequently expect, in the 
construction of their alimentary apparatus, a simplicity proportioned to 
the facility with which highly nutritive food composed of already-ani- 
malized materials is capable of being assimilated. The mouth varies 
somewhat in its confomation ; and if we compare the pieces composing 
it with those we have found mandibulate insects to possess, wo shall 
have good reason for surprise in noticing the strange uses to which 
some parts of the oral apparatus are converted. In Scorpions (fig. 184), 
the apparent representatives of the mandibles of an insect are trans- 
formed into a pair of small forceps, each being provided with a moveable 
claw ; these, therefore, of themselves form prehensile organs adapted to 
seize prey and hold it in contact with the mouth. But it is in the 
maxillce that we find the most extraordinary mctamoiphosis ; for tho 
maxillary palpi, so small in insects, are found to be developed to such 
prodigious dimensions, that they far surpass in size and strength any of 
the ambulatory extremities, and, from their resemblance to tho claws of 
Crustaceans, have given tho character from which the name of tho 
division is derived f. Each of these formidable organs is terminated by 
a strong pair of pincers, and thus the maxillary palpi become con- 

* Cyclop, of Anat. and Phys., art. “ Akaciinida.’’ 

t Ves, a foot ; jmlpm, a feeler. 
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verted into potent instruments either for attack or defence. The repre- 
sentative of the labium of an insect, in the Arachnidans, has no palpi 
connected with it. 

(956.) In Spiders, the organization of the mouth is altogether dif- 
ferent. The mandibles (fig. 186, o o) arc each terminated with a 
moveable fang (c), which ends in a sharp point, and is perforated near 
its extremity by a minute orifice, from which, when the Spider bites, a 
venomous fluid of great potency is instilled into the wound inflicted ; 
such, indeed, is the malignitj'^ of this poisonous secretion that its effects 
in destroying the life of a wounded insect are almost instantaneous, and 
in some of the largo American species even small birds fall victims to its 
virulence. The organ in which the poison is elaborated is represented 
in the figure above referred to ; it is a long and slender bag, from which 
an attenuated duct may bo traced through the body of the mandible as 
far as the perforated extremity of the fang. 

(957.) Tho palpi connected with the maxillec of the Spider are termi- 
nated in tho female by a simido hook ; but in the males of many species 
they exhibit a conformation slightly resembling the forceps of tho Scorpion, 
although provided for a very different purpose. When closed (fig. 185, n), 
tho terminal part of the palpus presents a club-like dilatation, which, 
howcvc|^. on close inspection will be found to consist of several pieces 
(fig. 185, A, a, h, 0, d, e), connected with each other by articulations, and 
capable of being opened out in the 
manner represented in the figure. 

This strange instrument was for- 
merly imagined to be the penis^of 
the male Spider, and was thought 
to contain tho terminations of tho 
seminal ducts ; this supposition, 
however, has been proved to bo 
erroneous ; for tho palpus is im- 
perforate, and the sexual apertures 
of the male are situated clseAvhere ; but tho organ in question is never- 
theless apparently used in tho process of impregnation, in a manner to 
be explained hereafter. 

(958.) Both in Scorpions and Spiders the alimentary canal is exceed- 
ingly narrow, presenting scarcely any of those dilatations met with in 
tho digestive organs of insects. This is a natural consequence of the 
nature of their food ; for as they live entirely upon animal juices 
sucked from the bodies of their victims, there could be little necessity ibr 
the presence of capacious receptacles for nutritious matter, or for any 
reservoii-s for the accumulation of effete material. 

(959.) In the Scorpionidae there is no stomachal dilatation^ whatever : 
a straight intestine passes directly from the mouth to the anus, situated 
at tho extremity of the abdom n ; and the insertion of the biliary 


Fig. 185. 



Palpus of mall* Spider. 



DiaESTIVE SYSTEM OF SPIDER. 


371 


Fig. 18G. 


vessels forms the only distinction between its ventricular and intestinal 
divisions. Five delicate csBca are derived from each side of the ven- 
tricular portion, and plunge into the centre of a fatty substance in 
which the alimentary canal is imbedded. In Spiders, likewise, cocca 
are appended to the commencement 
of the digestive apparatus ; and a 
slight enlargement (fig. 186, h) may 
be said to represent the stomach, 
from which a slender intestine (g) 
is continued to the anus. As in 
the Scorpion, a large (juantity of 
fat (h) surrounds the nutrient 
organs and fills up a great propor- 
tion of the cavity of the abdomen. 

Like the fat-mass of the larvsB of 
insects, this substance must, no 
doubt, bo regarded Jis a reservoir of 
nutriment ; and when tlio habits 
of these animals arc considered, the 
precarious supply of food, and the 
fre(iucnt necessity for long-j)ro- 
tracted fasts when a scarcity of 
insects deprives them of their ac- 
customed prey, sucli a provision is 
evidently essential to theij* preser- 
vation. 

• (960.) One peculiarity connected 
with the arrangement of the chy- 
lopoietic viscera of the Spider is 
the manner in which the biliary 
organs tenninate in the intestine ; 
for instead of entering in the usual position, namely close to the termi- 
nation of the stomach, they seem to pour their secretion into the rectum, 
immediately in the vicinity of the anus. At this point, a kind of 
sacculus (figs. 186 ife 1^8,/) joins the intestine, into which the branched 
tubes (fig. 188 , 0 0 , & fig. 186, 5 ) empty themselves. This circumstance 
has long been a subject of interesting inquiry to the comparative physio- 
logist. If the fluid secreted by these tubes be really bile, in what 
manner does it accomplish those purposes usually supposed to be effected 
by the biliary secretion ? It would seem to be, in this case, merely an 
cxcrcmcntitious production. Arc the caeca appended to the stomach 
biliary organs ? If so, the apparatus in question may be of a totally 
distinct character, and its product only furnished to be expelled from 
the system. In conformity with the last supposition, many anato- 
mists have been induced to regard these vessels as being analogous to 

2 « 2 



Digestive system of the Common Spider : 
e, poison-fang; oo, the jaws, with their ap- 
pended poison-glands; auti, eiecal tti)pend- 
ugestoi/, the eommimcement of the alimen- 
tary canal, with which the muscle (e) is con- 
nected; 6, stomachal dilatation; q, intestine i 
A A, accumulation of fat ; f, saceulus receiving 
the terminations of the seereting-tuhes (s). 
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the urinary secomonts of moro highly organized animals, and have not 
scrupled to apply to them the appellation of renal vessels : but this hasty 
application of names we have already animadverted upon as being highly 


prejudicial to the interests of 
science; and in this instance, 
as in many others, to wait for 
the results of fixture investiga- 
tions is far moro advisable than 
rashly to assign a definite func- 
tion to a part the real nature 
of which is a matter of specu- 
lation. 

(961.) The respiratory sy- 
stem of the Pulmonary Arach- 
nidans is constnictcd upon very 
peculiar principles, bcingnrithor 
composed of gills adapt^ to 
breathe water, nor of lungs like 
those of other air-breathing 
animals, but presenting a com- 
bination^of the characters of 
both. TYiGpulmonihranchicB arc, 
in fact, hollow viscera resem- 
bling bags, the walls of which 
are so folded and arranged in 
lamina), that a considerable sur- 


Fig. 187. 



DigeBtive and circulatory spparatuB of the 
Harrest Spider : o, the Btomach, with its lateral 
CC0C8, on which is situated the dorsal vcbbcI ; ft ft, 
vascular Binuses. 


face is presented to the influence of oxygen. It is, indeed, highly pro* 


bablc that those organs are intermediate in function as well as in struc- 


ture between an aquatic and air-breathing 

respiratory apparatus ; for, as both the pedi- Fig. 188. 


palp and spinning Arachnidans frequent 
moist situations, the dampness of the atmo- 
sphere may bo favourable to the due action of 
the air upon the circulating fluids of these 
creatures. Each pulmonihranchia opens 
externally by a distinct orifice resembling 
the spiracle of an insect, and is closed in a 
similar manner by moveable homy lips. In 
the Scorpion (fig. 184) the spiracles arc 
eight in number, placed upon the ventral 
aspect of the body ; and just in front of the 



first pair of breathing-holes are two re- 
markable organs (represented in the figure), 
resembling a pair of combs, which are ap- 
parently adapted to keep the spiracular 


Termination of the alimentary 
canal of a Spider : a, stomachal 
dilatation of intestine; ter- 
minal sooculuB receiving the ter- 
minations of the secerning vessels 
(o o). 
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orifices free from dirt, and thus -prevent any obstruction to the free 
ingress and egress of the air. 

(962.) In the Araneidm, the form and arrangement of the spiracles 
are somewhat different. According to Treviranus, there are four pairs on 
each side of the cephalothorax, situated immediately above the insertions 
of the legs ; and in addition to these, there is one pair constantly found 
on the under surface of the abdomen, and four pairs of smaller apertures 
of less importance on its upper part. ^ 

(963.) In order to understand the manner in which respiration takes 
place mpulmonihramJiicB of the structure above described, it is necessary 
to suppose the existence of a vascular apparatus, by means of which tho 
circulating fluid is continually spread over tho laminte of tho respiratory 
sacculi, and afterwards returned to the circulation in a purified condi- 
tion. It is true that, owing to the extreme difficulty of tracing vessels 
of such small dimensions, the continuity of the entire system is rather 
an inference dcduciblo from a general review of the facts ascertained, 
than absolutely a matter of demonstration. ' We will therefore briefly 
lay before tho reader tho data upon which physiologists found tho opi- 
nions entertained at the present day relative to tho means whereby the 
circulation of Arachnidans is accomplished. 

(964.) According to Treviranus, spiders are provided witfr a long 
contractile vessel (fig. 189, a), which runs along the mesial line of tho 

Fig. 189. i 



Plan illustratinj' the riroulatory system in a Spider; a, dorsal vessel ; A, suspensory mustJe ; 
e, the ocelli; rf, poison-gland; e, palpus ;y^paIraonibmnchial organ; </, jioison-fung; A,cephalo- 
tliornx ; i, cosoal ajii»cndicea to the stomach ; I, vascular trunks derived from tho dorsal heart, 
running to the pulmonibranchiie ; m, abdomen; n, spinnerets. 

back, and resembles in form tho dorsal vessel of insects, although in 
structure it is widely different. In insects, it will be remembered, tho 
dorsal vessel communicated freely with tho abdominal cavity by nume- 
rous valvular apertures, and neither arteries nor veins wore necessary for 
diffusing the blood through tho system ; but in the Pulmonibranchiatc 
Arachnidans numerous vascular trunks (1 1) are given off from both 
sides of tho dorsal heart and are dispersed in all directions. All tho 
branches proceeding from tho sides of tho dorsal vessel arc presumed to 
be of an arterial character, with tho exception of a few largo canals 
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situated near the junction of the anterior and middle thirds of its length, 
and these are supposed to he veins* {hrancluo-cardkic vessels) destined to 
return the aerated blood from the pulmontbrmichue (f) into the general 
circulation. Whoever watches the movements of the blood in one of 
the limbs of these creatures will perceive that, under the microscope, its 
motion bears little resemblance to that observable in the foot of a frog, 
or in animals possessed of an arterial and venous system completely 
developed. So irregular, indeed, is the course of the globules, that it 
would be difficult to conceive them to be confined in vessels at all ; the 
whole appearance resembles rather the diffused circulation seen in the 
larva of an insect, than that of a creature possessing vascular canals 
arranged in definite directions. The only probable way of accounting 
for such a phenomena is by supposing that, in this first sketch of a 
vascular system, if we may be pardoned the expression, the veins are 
mere sinuses or wide cavi^es formed in the interstices of the muscles, 
through which the blood slowly finds a passage. Prom a review of the 
above-mentioned facts-WB are at liberty to deduce the following con- 
clusions relative to thb circulation of Arachnidans; — The pulmonic- 
bramhice being apparently the only organs of respiration, tho blood must 
bo peipctually brought to these stnictures from all parts of the system, 
to receive tho influences of oxygen, and again distributed through the 
body. Such a circulation could only bo accomplished in circumscribed 
channels — some destined to propel it through all parts, others to collect 
it after its distribution and bring it to tho respiratory organs, and a 
third set to return it in a renovated condition to the heart. The circuit 
of the blood may therefore be presumed to bo completed in one or other 
of tho following modes : — Tlio dorsal vessel, or heart, by its contraction 
drives the blood through numerous arterial canals to the pcripheiy^ of 
tho system ; the blood so distributed gradually finds its way into capa- 
cious sinuses, through which it flows to the branchial organs, and from 
hence it re-enters the heart by tho hmmhio-cardiac vessels above 
referred to : or else the action of the heart drives a portion of the cir- 
culating fluid into the pulmonibranchice by the same effort which supplies 
the rest of the system, and the blood so impelled to tho respiratory 
organs becomes, after being purified, again mixed up with the contents 
of the veins which return it to the heart. 

(965.) In the Scorpions, tho circulatory system resembles that of the 
Myriapoda, but it is more completely organized ; the heart, which, as in 
the Scolopendra, is divided into compartments, is elongated at its posterior 
extremity into a long caudal artery, and gives off from each chamber a 
pair of systemic arteries, which are distributed among the riscera, and 
also send their principal divisions to supply the muscles of the inferior 
and lateral regions of the body, as well as the pulmonary sacs. At 
tho anterior part of the abdomen, the heart assumes the character of an 
* Audonin, Cyclop, of Anat. and Phys., art. “Araciiniim.” 
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aorta, dcsccndm" suddenly into the thorax, and dividing iiiimodiatcly 
beliind the brain into a number of large vessels, tliat supply the head 
and the locomotive organs. The posterior of these form a vascular 
collar around the oesophagus, which gives origin to the great arterial 
trunk, or supra-ganglionic vessel, whereby the blood is conveyed to the 
posterior part of the body, as in the Myriapoda (vide § 746). This 
vessel passes beneath the transverse arch of the thorax, with which it 
is slightly connected by fibrous tissue, and then runs backwards, gradu- 
ally diminishing in size, until it reaches the terminal ganglia of the 
tail, where it divides into branches that accompany the nerves. In 
addition to the above arrangement, Mr. Newport has discovered a fibrous 
structure, from which are given off two pairs of vessels, to be distributed 
to the first pair of branchial organs, as also a litt^ vessel which, passing 
backwards, anastomoses with the spinal arter^/^t^'form the sub-spinal 
vessel. This latter takes its course beneath the chain of nervous ganglia, 
communicates directly by means of short hr^ches with the supra- 
ganghonic artery, and, at intervals, gives its under surface 

largo vessels, which, uniting tog^or, convey the blood which has 
circulated in the abdominal segments directly to the branchioo, whence 
it is returned to the heart by a great number of slender canals, which, 
emanating from the posterior aspect of each branchial organ^nito to 
form larger trunks, that run along the walls of the segments, to pour 
their contents into the valvular orifices situated upon the dorsal aspect 
of the heart. 

(666.) The heart of the Scorpion* is a strong muscular organ ex- 
tending along the middle of the back, from its continuation with the 
great caudal artery in the last segment of the abdomen to the com- 
mencement of the aorta. In the dorsal part of its course the heart is 
divided into eight separate chambers, which arc wider and stronger in 
proportion to their length than in the highest of the Myriapoda. They 
are more muscular and compact in proportion to the greater quantity of 
blood to bo transmitted through them, and the force Avith which it is 
necessarily propelled. The form of each chamber is somewhat heart- 
shaped, being slightly contracted in its middle portion and enlarged at 
its posterior. Each chamber has two auricular openings for the passage 
of the blood, placed very close to the median line of the heart on its 
dorsal surface ; and it gives off at its inferior lateral angles a pair of 
large arterial vessels (the systemic arteiies), wliich distribute the blood 
downwards to the viscera and to the dorsal and lateral surfaces of the 
body. 

(967.) Each chamber is provided at its sides, as in the Myriapoda 
and Insects, with two sets of muscles, the aha cordis. The anterior 
and larger pair of muscles are attached to the anterior part of each 
segment, and pass diagonally forwards, and the posterior (the proper 
* Newport, Phil. Trails. 18 b'). 
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retractor muscles of the chamber) to its posterior angle, and pass 
backwards, leaving between the two sets of muscles a passage for the 
vessels. 

(968.) The structure of the chambers internally differs considerably 
from that of the chambers in the Melolontha, as described by Straiis- 
Durckhcim (§ 852). Each valve, or division between them, is formed 
by a reduplication of the whole muscular structure of the dorsal surface 
of the organ. This reduplication, which is chiefly on the upper and 
lateral surfaces, is very imperfect on the under, and in some of the 
chambers is entirely absent on the under surface. The reason for this 
imperfect structure of the values may perhaps be explained by the fact 
that the blood is distributed from the heart, in the Scorpion, in opposite 
directions — ^partly backwards towards the tail, but chiefly forwards to- 
wards the head ^d rfroS) and hence it may be necessary that a reflux 
of the blood l)pt be entirely prevented, as may be required in 

those instances in. which the whole current is in one direction. The 
structure of^tho' heart ^ex^edhJgly thick, opake, and muscular; it is 
formed of two layers df 'fifi^jjlc^tl^dinal and circular in each layer, 
the most powerful of which are jtie latter. On its internal surface it is 
smooth, and lined by an^^ceedihgly ddicate membrane, through which 
the stroj^j; circular fibres artf distinctly marked. It is by means of those 
that its most powerful contrac^tions are effected, — the auricular action 
being chiefly the reMt of the relaxation of those fibres, assisted by the 
reactions of the lateral muscles. 

(969.) The aorta arises from the anterior extremity of the heart or 
dorsal vessel. It is short, thick, and smooth on its external surface, 
without lateral muscles or internal divisions into chambers. It descends 
obliquely forwards and downwards, and after passing beyond the groat 
median arch of the thorax, to which many of the muscles of this region 
of the body are attached, it gives off the vessels to the head, to the 
organs of locomotion, and to form the great supra-spinal artery, which, 
as in the Myriapoda, represents the aortic trunk, or rather the aorta 
descendenSf which, running above the chain of nervous ganglia, supplies 
the neighbouring parts in this region of the body, as well as branches to 
the alimentary canal and to the Ever. 

(970.) The portal system of vessels is situated chiefly below the 
nervous cord, on the ventral surface of the body, and is the means by 
which the blood is collected and conveyed to the branchiae, from which 
it seems to be returned to the system, after circulating through the 
organs, by means of a largo sinus or vessel at their posterior superior 
angles, lichind the bony arch of the thorax there is a hollow fibrous 
structure, that closely surrounds the cord and nerves as in a sheath. It 
seems to form a kind of sinus, from the posterior part of which a small 
vessel passes backwards, which, joined by anastomoses from the supra- 
spinal artery, forms the commencement of the sub-spinal vessel ; and 



STRUCTURE OF PULMONTBRANCIIIyE. 


377 


it gives off two pairs of vessels at its sides. The first and second pairs 
of these efferent vessels, covered by the thick peritoneal lining of the 
abdomen, send the blood in a diagonal direction backwards to the first 
pair of abdominal branchia). The first pair of these vessels originate 
close to the folds of the diaphragm. They pass backwards and outwards 
into the abdomen, and arc joined in their course by numerous small 
vessels from tlie sides of the segments, and immediately anterior to the 
first pair of abdominal branchiae arc each divided into two branches, 
which arc again divided and subdivided into a multitude of anasto- 
mosing vessels before they are distributed on the branchiae. These 
branchiae likewise receive the second pair of efferent vessels, which, like 
the first, pass diagonally backwards from the fibrous structure to the 
inner side of the branchiae, on approaching which, tjiey are divided like 
the other pair into two branches, which are subsided, and anastomose 
with the divisions of the first pair. The whole fiw*m^iB?% 08 t intricate 
web of anastomosing pulmonic capiBwy vessels before^^ey are distri- 
buted on the anterior part of the hran^^, , have.imuea complete 
distribution of the blood to the ^l]^||Nl^rftnchiae in the anterior part 
of the abdomen. There is a similSi bu^less perfect distribution in the 
posterior. v, 

(971.) Professor Muller* has accuratelj^ described the ^Imoni- 
branchiac as formed of a multitude of closely-approximated, thin, double 
lamell®, which communicate, by a small orifice in each, with the ex- 
ternal air admitted into a common eaiity through the spiracle on the 
surface of the body. The blood, distributed through those lamellae, is 
brought into contact with the air in their interior through their mem- 
branous structure. The minute anatomy of these lamellae, and the 
manner in which they are permeated by the blood, afford some points of 
interest. Each side of those double lamellae is formed of an exceedingly 
delicate and apparently structureless double membrane, which includes 
witliin it a parenchymatous tissue formed of single vesicles or cells. 
The convex margin of each lamella is bounded by a delicate but distinct 
vessel, which seems to form the means of intercommunication with 
the anastomosing network of vessels distributed over the branchiao, 
since the delicate evanescent vessels traced into the lamellae are derived 
from those which bound their convex margin. 

(972.) At the posterior part of the inner side of the branchiae, 
where the lamellae are covered by the thick membrane and peritoneum 
that lines the common cavity of the branchiae, there are several small 
orifices, the commencement of vessels which afterwards, Avhen collected 
together, form the larger channels that convey back the blood to the 
heart. These vessels form delicate trunks or sinuses, which pass around 
the sides of the body in the posterior part of each segment, and, be- 
coming gradually enlarged by communicating with other vessels in their 
* Mockers Archiv, 1828. 
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progress, pour their contents into the heart at the auricular oiilices 
upon its dorsal aspect. 

(973.) The following, then, will be the course of the circulation in 
the Macrourous Arachnidans. The blood received by the veins from 
the branchiie is conveyed to the heart round the sides of the segna'iits, 
receiving accessions from other vessels in the segments in its course, 
and enters the heart at the posterior part of each chamber through the 
orifices of Straus-Durckheim. The auriculo-ventriciilar cavity, dilated 
by the infiux of blood, begins first to contract by the action of the circular 
fibres at the posterior part of each chamber. By this contraction, part 
of the blood is at once propelled laterally, through the systemic arteries, 
to the interior and sides of the body, while the remaining and chief 
portion is forced onwards, through the valves and body of the chamber, 
by the successive contraction of the circular fibres, into the next chamber. 
A fresh accesdiSi of blood enters the heart at the auricular orifices in 
the short intei^ql pj time that elapses between the contractile actions 
of the two ch^bers, which interval is probably occasioned by the 
reaction of the lateral muscular appendages of the organ. These con- 
tractions are carried gradually onwards through the whole of the suc- 
ceeding segments ; so that before a third chamber has contracted, the first 
is agai^^fillcd and ready to be emptied, thus occasioning, by their alter- 
nate movements, those pulsatory motions which are so well known in 
the dorsal vessel of Insects. The blood, propelled by these successive 
contractions through the aorta, is distributed to the organs in the head 
and thorax and the organs of locomotion. Part of it is also sent round 
the aortic arches through the supra-spinal artery backwards into the ab- 
domen, giving off its minute currents for the nourishment of the nervous 
ganglionic cord, while another portion, intermingled with that collected 
in the portal vessels, is sent to the branchiae. But its principal current 
still fiows in the supra-spinal artery, along the uj)per surface of the cord 
to the terminal ganglion of the tail, where it divides into four streams, 
two of Avhich go out at the sides of the ganglion to nourish the segment, 
while the other two, now greatly reduced in size, proceed backwards 
along the terminal nerves of the cord, and, becoming more and more 
subdirtded in the last segment of the tail, are diffused through the sur- 
rounding structures. These form minute anastomoses with numerous 
small vessels, which, gradually collecting in separate trunks on the under 
surface of the last segment, form the origin of the caudal portion of the 
sub-spinal vessel which conveys the returning blood forwards from the 
tail to the abdomen, to bo aerated in the branchim before it is again 
transmitted to the heart. In like manner, the blood that has already 
cii’culatcd through the organs of locomotion, the cephalothorax, and 
abdomen, appears to bo collected in the veins which transmit it to the 
branchiie before it is again employed in the circulation. Throughout 
the whole of its course along the ai*tery in the tail, the blood is passed 
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in small currents into the sub-spinal vessel, — thus intermingling the 
venous and arterial blood, precisely as occurs in the abdomen. But the 
circulation in tlie caudal prolongation of the heart yet remains to be 
explained. Wc* have already seen that the great dorsal artery in the 
tail, above the colon, forms direct vascular communications around its 
sides with the sub-spinal vessel upon the ventral surface, in which the 
course of the blood is propelled forwards to the abdomen. It is certain, 
therefore, that the action of the great chamber of the heart must impel 
the blood at once in every direction, chiefly forwards, and laterally, but 
also in part haeJewards through the caudal artery ; otherwise it would 
be impossible for this structure to form its anastomoses with the sub- 
spinal vein without occasioning two opposing currents in the same 
vessel. 

(974.) In the nervous system of Spiders we observe |i^at progressive 
concentration of the nervous centres, which we, have teced through 
the lower forms of the Homogangliata, carried » utmost extent. 

Spiders are appointed destroyers of insects, with wl^ich they maintain 
cruel and unremitting warfare. That the 
destroyer should be more powerful than 
the victim is essential to its position ; that 
it should excel its prey in cunning and 
sagacity is likewise a necessary , conse- 
(piencc; and by following out the same 
principles which have already been so 
often insisted upon, concerning the in- 
sei)arablc connexion that exists between 
the perfection of an animal and the cen- 
tralization of its nervous ganglia, we find 
in the class before us an additional con- 
fii niation of this law. In Scoquons, in- 
deed, the nervous masses compovsing the 
ventral chain of ganglia are still widely 
separated, esi)ccially those situated in the 
segments of the tail : in the ccphalo- 
thorax they are of proportionately larger 
dimensions, and moreover exhibit this re- 
markable peculiarity, that, instead of being 
united by two cords of communication, 
there arc three interganglioiiic nerves 
connecting each division. It is in Spiders 
that the concentration of the nervous 
system reaches its climax ; for in them 
we find the whole series of ganglia (ence- 
phalic, thoracic, and abdominal) aggregated together, and fused, as it 
were, into one great central brain, from whence nerves radiate to all 


Pig. 190. 



XcrvonH ofth(* Spifl<.T: 

aa, i‘nn‘phiilio }»anglia, from which 
arc derived the optic nerves; 
ee, tlioracic ganglia, forming by 
their coiileacH'nce the central 
mass (c) ; « », nerves supplying 
the abdomen. 
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parts of the body. The extent to which centralization is here carried 
will be at once appreciated by reference to the annexed figure (fig. 190) : 
the eneephalic masses (a a), whence the optic nerves distributed to the 
ocelli are derived, are in close contact with the anterior part of a large 
gang^on (c), that represents all the abdominal ganglia collected into one 
mass ; and from the posterior part of this, nerves (n n), destined to supply 
the parts contained in the abdomen, derive their origin. The thoracic 
ganglia (ee) are fusiform, and placed on each side of the mass (c), with 
which they are apparently amalgamated at one extremity, while from 
the opposite they give off the nerves appropriated to the legs. 

(975.) The ocelli or eyes of Arachnidans have hem minutely investi- 
gated by Miiller*, and seem to present a type of struc turc very far supe- 
rior to that of insects. In the Scorpion, this distinj^uislicd anatomist 
succeeded in detecting most of the parts which enter into the construc- 
tion of the eye of a vertebrate animal, and, moreover, a great similarity 
in their arrangement. The cornea, a globular lens, the aqueous and 
vitreous humouM, the retina and choroid, were all found nearly in their 
usual relative positions ; so that the sense of vision in these animals 
must be extremely perfect. 

(976.) The sexual organs of the male and Fig. 191. 
female ^Jirachnidans exhibit very great simplicity 
in their structure. The testes, or secreting ves- 
sels, of the male Spider are two long cteca 
(fig. 191, h)f lodged in the abdomen, and termi- 
nating by simple orifices at the ventral surface. 

T^o external intromittent organ is perceptible; 
and it was on this account that the peculiar 
apparatus above referred to, situated at the ex- 
tremity of the maxillary palpus, was so long con- 
sidered as giving passage to the impregnating 
secretion. The singular instrument already de- 
scribed (§ 957) would seem, indeed, to bo in 
some manner really subservient to the fecundating Gentrativo organs of 

process, being used most probably as an exciting male Spider: a a, pui- 

agont preparatory to the intercourse between the 
sexes. 

(977.) The ovigorous system of the female is equally devoid of com- 
plication, and, like the male testes, consists of two elongated membra- 
nous sacculi, in which the eggs are formed and brought to maturity. 
The impregnation of the ova is evidently effected by the simple juxta- 
position of the external orifices of the two sexes ; yet such is the ferocity 
of the female spider, that the accomplishment of this is by no means 
without risk to her paramour ; for the former, being far superior to the 
male both in size and strength (fig. 192, a, b), would infallibly devour 
* Ann. do8 Sci. Nat. tom. xvii. 
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him, either before or after the consummation of his purpose, did ho not 
exercise the most guarded caution and circumspection in making his 
advances. 

Fig. 192. 



A, Ft^male Spider. B. Male of the same species. C. Arrangement of the eyes. 

(978.) One peculiar characteristic of the Araneidoc is the possession of 
a spinning apparatus, whereby the threads composing their web are manu- 
factured. The instniments employed for this purpose are situated near 
the posterior extremity of the abdomen (fig. 194“, h), and consist exter- 
nally of four spinnerets and two palpiform organs (fig. 193, a, b). Each 

Fig. 193. 





Spinning apparatus of the Spider. 

spinneretf when highly magnified, is found to bo perforated at its extre- 
mity by innumerable orifices of extreme minuteness (fig. 193, c), through 
which the filaments are drawn ; so that, unlike the silk of the Cater- 
pillar, the thread of the Spider, delicate as it is, is composed of hundreds 
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of smaller cords, sometimes woven together by zigzag lines, and thus 
exhibiting a stnicture of exquisite and most elaborate composition. The 
fluid silk, which, when it is drawn through the raicu-oscopic apertures of 
the spinneret, affords the material whereof the web is constructed, is 
secreted in a set of glands represented in the subjoined engraving 


Fig. 194. 



Silk'secreting glands of the Spider. 


(fig. 1^4). The secerning extremities of the glandular tubes are com- 
posed of branched caica (s), whence arise long and tortuous ducts (a a a), 
that become dilated in their course into reservoirs for the secreted fluid, 
and terminate by several canals at the base of the external spinning 
tubuli. Various are the purposes to which the different species of the 
Araneidoe convert the delicate threads thus produced. Some construct 
silken tubes or cells in which to conceal themselves from pursuit, and 
from this retreat they issue to hunt for prey in the vicinity of their abode ; 
others strew their filaments about at random, apparently to entangle 
passing insects ; many make nets composed of regular meshes, and spi’ead 
them out in favourable situations to entrap their victims (fig. 102) j while 
a few species, enveloping their eggs in bags of curious construction, carry 
them about attached to their bodies, and defend them with the utmost 
courage and pertinacity : even in water these webs are turned to many 
singular uses ; and ropes, nets, and even diving-bells are at the disposal 
of aquatic species furnished with this extraordinary spinning machinery. 

(079.) A few only of the most remarkable applications of this deli- 
cate material can be noticed in this place. The Mason-spiders {MygaJe) 
excavate for themselves subterranean caverns, in which tliese marauders 
lurk secure from detection even by the most watchful foe ; nor could 
any robber’s den which ever existed in the wild regions of romance 
boast more sure concealment from pursuit, or immunity from observa- 
tion. The construction of these singular abodes has long excited the 
admiration of the naturalist : a deep pit is first dug by the Spider, often 
to the depth of 1 or 2 feet, which, being carefully lined throughout with 
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silken tapestry, affords a warm and ample lodging ; the entrance to this 
excavation is carefully guarded by a lid or door, which moves upon a 
hinge, and accurately closes the mouth of the pit. In order to form the 
door in question, the M 5 ^galc first spins a web which exactly covers the 
mouth of the hole, but which 
is attached to the margin of 

the aperture by one point a 

only of its circumference, this 1/ ' / M 

point, of course, forming the 

hinge. The Spider then pro- 

cecds to lay upon the web a 

thin layer of the soil collected 

in the neighbourhood of her V- 

dwelling, which she fastens 

with another layer of silk ; 

laj^er after layer is thus laid 

on, until at length the door ' v 

acquires sufficient strength W 

and thickness: when per- 

fccted, the concealment af- - ^ 

forded is complete ; for as the f 

outer layer of the lid is formed / §' ’4 ^8 |v 

of earth precisely similar to /a " "" • J 'j , ' ‘M ' 

that which surrounds the f ^- I * i(!|. 

hole, the strictest search will --Mf ^ 

scarcely reveal to the most Ak 

l)ractised eye the retreat so 

singularly defended. ^ 

(980.) Another Spider (C/o- y ^ v 

iho Durand ii) constructs a Anatomy of : a.onitralizcd ganylia of Ih.- 
' . nervous sj'Btem; ft, tiTiriination of tin* gHiiglionic 

dwelling equally artificial and cord; c, respiratory stigmata; <1, anterior pulnunii- 

insenious— a kind of tent, in ‘h; '■ 

, , nor pulmom branchial organ, jiartinlly eovereil by a 

which it lives and rears its layge abdominal muscle (O; /.ovary; y, sictionof 

rri,* i. X • integument; A, siiinneretH and anal aperture. 

young. This tent is com- ® ' 

posed of several superposed sheets of the finest taffeta, and its contour 
presents seven or eight prominent angles, which are fixed to the sur- 
face of the ground by silken cords. The young Clotho at first lays 
down only two sheets thus secured, between which she hides herself ; 
but, as she grows older, she continutdly lays down additional coverings, 
until the period when she begins to lay her eggs, at which time she 
constructs an apartment, soft, downy, and warm, specially devoted to 
their reception. The exterior sheet of the tent is purposely dirtied 
for the purpose of concealment ; but, within, eveiything is beautifully 
clean and white. The most admirable part of the contrivance, how- 
ever, is the perfect safety afforded to the young when the parent leaves 
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her tent in search of food ; some of the superposed sheets are fastened 
together at their edges ; others are simply laid upon each other ; and 
as the parent herself alone possesses the secret which enables her to 


2 Fig. 194*». 



1. Female of Ht/drachne globulus, represented of the natural size just previous to ovipo- 
sition. 2. The same ma{;nillecl, and seen from helow, showing the mouth or beak furnished 
with twopal])i,andthe eight legs apjK'mled to four stiparate pairs of coxie; between the hinder 
pair may be seen the heart-shaped genital scale, and a little posterior to this a round oriflee, 
which is the anus. 3. Newly-hatched larva of llgdrachne globulus. 4. Hindc'r part of an 
aquatic insect {Nepa cinerea), to which numerous nymphas of llgdrachne in difterent stages of 
growth are attached. 3. One of these nymphs m^ilied, exhibiting the head-like sucker i)ro- 
\4ded with a pair of palpi, immediately behind which arc seen two of the epidermic cases of 
two of the old legs of the larva (the four others have fallen off), and posterior to these, five 
pairs of little sprouts, which are the rudiments of antennm and legs : the median circle indi- 
cates the position of the genital organs. 6. Beprt'sents the some nymph in its last stage of 
d -'velopment, seen in profile : the integuments are supposed to be transparent, so as to show 
the young llgdrachne within, ready to escape. 7. V entral surface of young Hgdrachne, showing 
the arrangement of the coxso. 8. Secondary nymph making the transition from the second to 
the third phasis of the creature's existence : the perfect animal, ready for its escape, is repre- 
8(>nted encased in the integuments of the preceding, the epidermic sheaths of the limbs still 
remaining adherent to the exuvium. 

raise those layers by which entrance is to bo obtained, no other animal 
can find its way into her impenetrable abode. 

(980*.) The development and mode of exuviation of some of the 
Acaridans offer several very curious and interesting phenomena. The 
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Hydraehne, or Water-mites, for example, at their birth present them- 
selves under the form represented in fig. 194*>, 3, being at that time pro- 
vided with only six locomotive limbs and a very remarkable proboscis*. 
These larvae at first swim at large in the water, but at length contrive 
to fix themselves to the body of some aquatic insect, in which position 
they pass into the state of nymphs (fig. 194^, 4); the hinder part of 
their bodies becomes remarkably elongated, and at length assumes 
the form of a pear, in which all resemblance to its former state is lost. 
Nevertheless, during this remarkable increase in size, the proboscis 
and the legs undergo hut little alteration; for as soon as the body 
begins to elongate, the legs and the palpi are withdrawn from their 
original integument, and, retiring with the body into the pear-shaped 
sac formed by the distended skin, nothing is left behind but the exu- 
viated sheaths of the old legs, which are then easily broken off by the 
slightest violence. A nymph, formed in the interior of its own skin, 
has replaced the larva ; but it is a nymph which continues to nourish 
itself, and to increase in size, until it assumes the appearance shown 
at fig. 194*^, 5, in which the rudiments of a new set of legs are 
clearly perceptible through the transparent envelope : the eyes of the 
contained animal are distinctly traceable, and may oven bo seen to 
abandon their former comoae, and to recede in the same proj^^rtion as 
the limbs from the old case, which at last, rending transversely into two 
portions, allows the new animal to escape, which immediately begins to 
swim vivaciously about, under a form closely resembling that of the 
parent. It has, however, still another moult to go through before it 
can be pronounced adult ; for, after having lived some weeks in this 
third condition, and visibly increased in size, these immature individuals 
fix themselves to some water-plant, to which they hold firmly by means 
of their beak and claws, and, becoming motionless, again exuviate 
(fig. 194^, 8), and are ready to reproduce their kind. 


CHAPTER XIV. 

CBUSTACEA. 

(981.) Insects and Arachnidans are air-breathing animals; and even 
in such species of these two extensive classes as inhabit fresh water, 
respiration is strictly aerial. No insects or spiders are marine ; and con- 
sequently the waters of the ocean would be utterly untenanted by cor- 
responding forms of Articulata, were there not a class of beings belong- 

* Duges, Ann. des Sci. Nid;. 2 a^r. tom. i. p. 165. 
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ing to this great division of the animal world so organized as to be 
capable of respiring a watery medium, and thus adapted to a residence 
in the recesses of the deep. Examined on a large scale, the Crusta- 
ceans, upon the consideration of which we are now entering, are marine 
creatures ; many species, it is true, are found abundantly in the lakes 
and ponds around us ; but these form rather exceptions to the general 
rule ; and we may fairly regard this extensive group of beings as the 
aquatic representatives of the Insects and Spiders, with which they form 
a collateral series. 

(982.) The teguraentary system of the Ckustacea corresponds in its 
essential structure with that of insects, and consists of a vascular dermis, 
a coloured pigment, and a cuticular secreted layer which forms the 
external shell or skeleton : the latter, or epidermic covering, however, 
differs materially in texture from that of other Articulata, inasmuch as 
it contains calcareous matter in considerable abundance, and thus ac- 
quires in the larger species great density and hardness. 

(983.) As regards the mechanical ar- 
rangement of the skeleton, we shall find the ®’ig- 19^- 

same general laws in operation as we have 
observed throughout all the Annulose orders 
— a continual centralization and progres- 
sive coafesccnco of the different rings or 
elements composing the external integu- 
ment, and a strict correspondence between 
the degree to which this consolidation is 
carried and the state of the nervous system 
within. 

(984.) In the lowest forms of the Cnis- 
tacca we have, in fact, a repetition of the 
condition of the skeleton met with in the 
Myriapoda, or in tho larva state of many 
insects, — the whole body being composed of 
a series of similar segments, to which are 
appended external articulated members of the simplest construction 
(fig. 195). 

(985.) Tho number of rings or segments composing the body varies 
in different species ; but such variation would seem, from the interesting 

rcHcarctvca o£ 'Milno-TSdwards and Andonin ooncorninf^ ilio real organi- 
zation of articulated tegumentary skeletons, to be rather apparent than 
real, inaosmuch as the discoveries of these distinguished naturalists go far 
to prove that, whatever the state of consolidation in which the integu- 
ment is found, tho same number of elements or rings may be proved to 
have originally existed before, by their union, they became no longer 
distinguishable as separate segments. 

(986.) Tho normal number of these elements Milne-Edwards con- 
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fiddeFB to be twenty-one, seven of which enter into the composition of the 
head, seven belong to tho thorax, and as many appertain to the abdo- 
minal region of the body. 

(987.) To illustrate this important doctrine let us select a few 
examples, in order to show the manner in which the progressive 
coalescence of the segments is effected. 

(988.) In Talitrus (fig. 196) the cephalic elements are completely 
united, their existence being only 196 

indicated by the several pairs of 
appendages — one pair, of course, 
b(3longing to each ring. The first 
ring of the cephalic region, in this 
instance, has no external articu- ^ i 

lated member ; but in higher ? y ( Jll 

orders tho eyes are supported 
upon long peduncles connected 

with this element of the skeleton, Talitrus. 

that may bo regarded as the representatives of those limbs which take 
different names in different regions of the body. The second and third 
rings support jointed organs, hero called antennee; while tho several 
pairs of jaws appertaining to tho moiith indicate the existeilpe of so 
many elements united together in the composition of the head. 

(989.) The seven segments of the thojiix are still distinct, and each 
supports a pair of jointed organs, which, being used in locomotion, aro 
called leys ; the abdominal elements, likewise, are equally free, and have 
natatory extremities developed from the five posterior rings, 

(990.) In the Lobster (Astacus marimis) we find not only the ce- 
phalic segments anchylosed together, but those of the thorax also; and 
although the lines of demarcation between them are still recognizable 
upon the ventral aspect of the body, superiorly tho entire thorax and 
head are consolidated into one great shield {cephaloihorax)^ the abdo- 
minal segments only remaining distinct and moveable. 

(991.) In the Crabs the centralization of the external skeleton is 
carried to still greater lengths, so as to enable this tribe of Crustaceans 
to become more or less capable of leaving their native element and 
walking upon the shores of the sea, or even, in some instances, of lead- 
ing a terrestrial existence, as in the case of the Land-Crab of the West 
India Islands. The abdominal segments, however, still remain free, 
though proportionately of very small dimensions ; and, being no longer 
useful in swimming, the abdomen is folded beneath the enormously- 
developed thoracic portion of the body. 

(992.) In the King-Crab (Umulus Polyphemus, fig. 197) even the 
divisions of the abdomen are obliterated, the whole body being covered 
by two enormous shields, and the tail prolonged into a formidable 
serrated spine, of such density and sharpness that in the hands of 

2 c2 
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savages it becomes a dreadful weapon, and is used to point their spears 
cither for the chase or war. 

(993.) The reader will at once 
perceive" the strict parallelism that 
may be traced between the changes 
which occur during the metamor- 
phoses of Insects, and those observable 
as we thus advance from the lowest Hi |B W 
to the most highly organized Crus- 
tacean gene'^a ; and even the steps 
whereby wc pass from the Annclidan 
to the Myriapod, and from thence to 
the Insect, the Scorpion, and the 
Spider, seem to be repeated, as we 

thus review the progressive develop- f ^ 

ment of the class before us. ^ ^ W ^ ’ 

(994.) Having thus found that the H 

annuli, or rings, which compose the I 

annulose skeleton may be detected I 

even in the most compactly formed I 

Crustac^, it remains for us to in- I 

quire, in' the next place, what are the Poiyphem... 

principal modifications observable in 

the articulated appendages developed from the individual segments. 
This inquiry is one of considerable interest, inasmuch as it goes to prove 
that, however dissimilar in outward form, or even in function, the limbs 
of Crustaceans are mere developments of the same elements, which, as 
they remain in a rudimentary condition or assume larger dimensions, 
become converted into instruments of sensation, legs, jaws, or fins, as 
the circumstances of 
the case may render 
needful. In the lower, — 

or more completely an- 
nulose forms (figs. 195 
and 198), these mem- 
bers are pretty equally 
developed from all the 
segments of the body, 
and are subservient to ' 
locomotion, being ge- 
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neraUy terminated by prehensile hooks, or provided with fin- like ex- 
pansions; but as we advance to the more perfect genera, the limbs 
assume such various appearances, and become convertible to so many 
distinct uses, that they are scarcely to bo recognized as consisting of 
similar elements modified only in their forms and relative proportions. 
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To notice all the varieties which occur in the extensive class before us, 
would be to weary the reader with tedious and unnecessary details ; 
we shall therefore select the Decapod* division of these animals, as 
abundantly sufficient for the illustration of this part of our subject. 
This division, which includes the most highly organized forms, has been 
divided by writers into three extensive families: the Macrouraj or 
Swimming Decapods j the Ammouraf which inhabit the empty shells 
of Mollusca ; and the BracJiyura, or short-tailed species, of which the 
Crab is a famUiar specimen. If we take the common Lobster as an 
example of the first of these groups, we shall find that there are five 
pairs of articulated limbs placed upon each side of the mouth, which are 
evidently adapted to assist in seizing and conveying into the stomach 
substances used as food. These singular organs, although entitled to 
bo considered as jaws so far as their use would indicate the name be- 
longing to them, are no loss obviously merely modifications of articu- 
lated feet ; and the term foot-jaws has now, by common consent, become 
the appellation by which they are distinguished. 

(995.) The pair of legs which succeeds to the remarkable members 
last referred to is appropriated to widely difierent offices. The organs 
in question are developed to a size far surpassing that attained by any 
of the other limbs, and arc endowed with proportionate strengA. Each 
of these robust extremities is terminated by a pair of strong pincers 
{chelce ) ; but the two are found to dif&r in their structure, and are 
appropriated to distinct uses. That of one side of the body has the 
opposed edges of its terminal forceps provided with large blunt tubercles, 
while the opposite claw is armed with small sharp teeth. One, in fact, 
is used as an anchor, by which the Lobster holds fast by some submarine 
fixed object, and thus prevents itself from being tossed about in an 
agitated sea ; the other is apparently a cutting instrument for tearing 
or dividing prey. 

(996.) To the chelce succeed four pairs of slender legs, scarcely at 
all serviceable for the purposes of locomotion ; but the two anterior 
being terminated by feeble forceps, they become auxiliary instruments 
of prehension. 

(997.) The articulated appendages belonging to all the abdominal 
segments are so rudimentary that they are no longer recognizable as 
assistants in progression ; and it is at once evident, when we examine 
the manner in which the Macroura use their tails in swimming, that 
the development of large organs in this position would materially impede 
the progress of animals presenting such a construction : the false feety 
as these organs are called, are therefore merely available as a means of 
fixing the ova which the female Lobster carries about with her attached 
beneath her abdomen. 

• * So called from the circumsiance of their having five paire of limbs so largely 
developed as to become ambulatory or prehensile organs. 
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(9^8.) The tail is the great agent of locomotion in all the Macrmm 
or large-tailed Decapods ; and for this purpose it is terminated by a fin, 
formed of broad calcareous lamella), so arranged that, while they will 
close together during the extension of the tail, and thus present the 
least possible surface to the water, they are brought out to their full 
expansion by the down-stroke of the abdomen ; and such is the impulse 
thus given, that, as we are credibly informed, a Lobster will dart itself 
backwards to a distance of eighteen or twenty feet by one sweep of this 
remarkable locomotive instrument. 

(999.) If we now pass on to the consideration of the Anomourous 
Decapods, we fihd that the external organs above enumerated, although 
existing in precisely similar situations, are so far modified in their con- 
struction and relative proportions as to become suited to a mode of life 
widely different from that led by the members of the last division. The 
Anomoura, as their name imports, have tails of very unusual conforma- 
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detached calcareous pieces — analogous, it is true, to those found in the 
Lobster, but strangely altered in structure. 

(1000.) These animals (fig. 199), usually known by the name of 
Soldier Crabs, or Hermit Crabs, frequent level and sandy shores, and, 
from their defenceless condition, are obliged to resort to artificial pro- 
tection. This they do by selecting an empty turbinated shell of propor- 
tionate size, deserted by some gasteropod moUusk, into which they in- 
sinuate their tail, and, retreating within the recesses of their selected 
abode, obtain a secure retreat, which they drag after them wherever 
they go, until, by growing larger,- tJiey are Compelled to leave it in 
search of a more capacious lodging, ^e. wonder^ adaptation of aU 
the limbs to a residence in such a dwelling cannot fail to strike the 
most incurious observer. The chelce, or large claws, differ remarkably 
in size; so that, when the animal retires into its concealment, the 
smaller one may be entirely withdrawn, while the larger closes and 
guards the orifice. The two succeeding pairs of legs, unlike those of the 
Lobster, are of great size and strength, and, instead of being terminated 
by pincers, end in strong pointed levers, whereby the animal can not 

Fig. 200. 





Swimming Crab. 

only crawl, but drag after it its heavy habitation. Behind these loco- 
motive legs are two feeble pairs, barely strong enough to enable the 
Soldier-Crab to shift its position in the shell it has chosen; and the 
false feet attached to the abdomen are even still more rudimentary in 
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tli§ir development. But the most singularly altered portion of the 
skeleton is the fin of the tail, which here becomes transformed into a 
kind of holding apparatus, by which the creature retains a firm grasp 
upon the bottom of its residence. 

(1001.) In the or Crabs, we have at once, in the concen- 

tration observable in all parts of the skelehA^ an indication of its being 
formed for progression on land, or st least for creeping at the bottom 
of the sea. The tail, the great instrument of locomotion in the Lobster, 
is here reduced to a rud^ent, and the fin at its extremity entirely 
obliterated ; the eheleS^iSl continue to be the most powerfully developed 
of the extremities j while the legs, the principal locomotive agents, are 
either terminated by simple points, as in those species which are most 
decidedly terrestrial in their habits, or else, in the Swimming Crabs, the 
posterior pair become expanded into flattened oars useful in natation 
(fig. 200). 

(1002.) From the extreme hardness and unyielding character of the 
legumontaiy skeleton in Crustaceans, a person unacquainted with the 
history of these animals would be at a loss to conceive the manner in 
which their growth could be effected. In insects we have seen that all 
increase of size occurs prior to the attainment of the perfect condition, 
and expf nsion is provided for by the moults or changes of skin which 
take place during the development of the larva; but the Crustacean, 
having acquired its mature form, still continues to grow, and that until 
it acquires in many instances a size far larger than that which any 
insect is permitted to arrive at. 

(1003.) The plan adopted in the case before us, whereby growth is 
permitted, is attended with many extraordinary phenomena. At certain 
intervals the entire shell is cast off, leaving the body for the time unfet- 
tered indeed as regards the capability of expansion, but comparatively 
helpless and impotent imtil such time as a new shell becomes secreted 
by the dermis, and by hardening assumes the form and efiicioncy of its 
predecessor. 

(1004.) We are indebted to Reaumur*, who watched the process in 
the Cray-fish (Astacus Jluviaiilis), for the first account of the mode in 
which this change of shell is effected. In the animal above mentioned, 
towards the commencement of autumn, the approaching moult is indi- 
cated by the retirement of the Cray-fish into some secluded position, 
whore it remains for some time without eating. While in this condi- 
tion, the old shell becomes gradually detached from the surface of the 
body, and a new and soft cuticle is formed underneath it, accurately 
representing, of course, all the parts of the old covering which is to be 
removed ; but as yet little calcareous matter is deposited in the newly- 
formed integument. The creature now becomes violently agitated, and, 
by various contortions of its body, seems to be employed in loosening 
* M6m. de TAcad. des Sciences, 1718. 
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thoroughly every part of its worn-out covering from all connexion with 
the recently-secreted investment. This being accomplished, it remains 
to extricate itself from its imprisonment — an operation of some diffi- 
culty ; and when the nature of the armour to be removed is considered, 
we may well conceive that not a little exertion will be required before 
its completion. As soon the old caM of the cephalothorax has be- 
come quite detached from the cutis by the interposition of the newly- 
formed epidermic layer, it is thrown^ off in one piece, after great and 
violent exertion ; the legs are then withdrawn frqpr their cases, also after 
much struggling; and, to complete the process, ^ tail is ultimately, 
by long-continued efforts, extricated froni its calcareous covering, and 
the entire coat of mail lyhich previously defended the body is discarded 
and left upon the sand. The phenomena which attend this renovation 
of the external skeleton are so unimaginable, that it is really extra- 
ordinary how little has been done towards elucidating the nature of 
the operation. The first question which presents itself is, how are the 
limbs liberated from their confinement? for, wonderful as it may appear, 
the joints even of the massive cheloe of the lobster do not separate from 
each other, but, notwithstanding the great size of some of the segments 
of the claw, and the slender dimensions of the joints that connect the 
different pieces, the cast-off skeleton of the limb presents exictly the 
same appearance as if it still encased the living member. The only way 
of explaining the circumstance is to suppose that the individual pieces 
of the skeleton, as well as the soft articulations connecting them, split in 
a longitudinal direction, and that, after the abstraction of the limb, the 
fissured parts close again with so much accuracy that even the traces 
of the division are imperceptible. But this is not the only part of the 
process wliich is calculated to excite our astonishment: the internal 
calcareous septa from which the muscles derive their origins, and the 
tendons whereby they are inserted into the moveable portions of the 
outer shcU, are likewise stated to be found attached to the exuviae ; 
even the singular dental apparatus situated in the stomach, of which 
we shall speak hereafter, is cast off and re-formed ! And yet, how is 
aU this accomplished ? how do such parts become detached ? how are 
they renewed ? We apprehend that more puzzling questions than these 
can scarcely be propounded to the physiologist ; nor could more inter- 
esting subjects of inquiry bo pointed out to those whose opportunities 
enable them to prosecute researches connected with their elucidation 

* Since writing the above, I have been fortunate in procuring a very good speci- 
men of Jstacus fluviatilis, obtained soon after casting its shell, and also its newly 
cast-off covering, both of which are in excellent preservation. The following is a 
description of the appearances observed in each : — All the pieces of the exuviae were 
connected together by the old articulations, and accurately represented the external 
form of the complete animal, — the carapace, or dorsal shield of the ceplialothorax, 
alone being detached, having been thrown off in one piece. The pedicles of the eyes 
and external cornea?, as well as the antennee, remaind in situ, the corresponding parts 
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(1006.) The structure of the articulations which unite the different 
segments of the skeletons of the Articulata, and the general arrange- 
ment of their muscular system, have already been described ; and in 
the class before us, these parts of their economy offer no peculiarities 
worthy of special notice. 

(1006.) Throughout all the Crustacean families the alimentary canal 
exhibits great simplicity of arraugepient, and consists of a short but 
capacious oesophagus, a atosniaohal dilatation or cavity in which is con- 
tained a singitfar masticatory, apparatus, and a straight and simple in- 
testinal tube, which passes in a direct line from the stomach to the last 
segment of the abdomen, where it terminates. 

(1007.) The description of these parts as they exist in the Lobster, 
will give the reader a sufficiently correct idea of their general disposition 
and structure ; nor are we acquainted with any class of animals in which 
so little variety in the conformation of this portion of the system is to 
bo met with. 

(1008.) The oesophagus is covered at its origin by the several pairs 
of foot-jaws already alluded to, the most internal of which forms a 
decided cutting apparatus, resembling a pair of strong shears, while the 
rest are only instruments of prehension, or, perhaps, of sensation also. 

having been drawn out from them as the finger from a glove ; and no fissure of the 
shell or rupture of the ligaments connecting the joints was anywhere visible in these 
portions of the steleton. The auditory tubercles, and the membrane stretched over 
the orifice of the ear, occupied the same position as in the living Cray-fish. The jaws, 
foot-jaws, and ambulatory feet retained their original connexions, with the exception 
of the right cMa, which had been thrown off before the moult began ; and the seg- 
ments of the abdomen, false feet, and tail-fin exactly resembled those of the perfect 
creature. Even the internal processes derived from the thoracic segments {apode- 
Tnata) rather seemed to have had the flesh most carefully picked out from among 
them, than to have been cast away from a living animal. But perhaps the most 
curious circumstance observable was, that attached to the base of each leg was the 
skin which had formerly covered the branchial tufts, and wliich, wlien floated in 
water, spread out into accurate representations of those exquisitely delicate organs. 
No fissure was perceptible in any of the articulations of the small claws ; but in the 
chela each segment was split in the neighbourhood of the joints, and the articulating 
ligaments ruptured. The lining membrane of the stomach was found in the thorax, 
having the stomachal teeth connected with it : from its position, it would seem that 
tne animal had dropped it into the place where it lay, before the extrication of its 
limbs was quite accomplished. The internal tendons were all attached to the move- 
able joint of each pair of forceps, both in the chela and in the two anterior pairs of 
smaller ambulatory legs. 

On examining the animal which had extricated itself from the exuvise described 
above, the shell was found to be soft and flexible, but contained a sufllciency of cal- 
careous matter to give it some firmness, especially in the claws. The tendons of the 
forceps were still perfectly membranous, presenting a very decided contrast when 
compared with the old ones affixed to the discarded shell. The stump of the lost 
chela had not as yet begun to sprout, and the extremity was covered by a soft black 
membrane. The jaws were quite hard and calcified, as likewise were the teeth con- 
tained in the stomach. 
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From the mouth, the oesophagus runs directly upwards to the stomach, 
which is a considerable viscus (fig. 201, a), a large portion of it being 
situated in that region of the cephalothorax which we should bo tempted 
to consider as the head of the animal. The pyloric extremity of the 
stomach is strengthened with a curious framework of calcareous pieces 
imbedded in its walls, and so disposed as to support three large teeth 
placed near the orifice of the psoras j .-and being moved by strong 
muscles, teeth so disposed no doubt fbrmf an efficient apparatus for 
bruising the food before it is admitted into thp intestine, r 

(1009.) The intestine itself (b h b) runs in a direct coufse to the tail, 
imbedded between the two great lateral muscular znasses that move the 
abdominal segments, and terminates upon the Venlxal surface of the 
central lamella of the terminal fin, in a rounded orifice cBsed by a 
sphincter muscle. 

(1010.) The Iher (c c c), one half of which has been removed in the 
engraving, consists of two large symmetrical masses, enclosing between 
them the pyloric portion of the stomach and a third part of the length 
of the intestine. When unravelled, the minute structure of the liver 
exhibits an immense assemblage of secerning caeca agglomerated into 
clusters, from each of which a duct emanates ; and the continued union 
of the ducts so formed ultimately gives origin to the commonlhepatic 
canal (fl)^ which pours the bile derived from that division of the liver 
to which it belongs into the intestine, at a fery short distance from its 
commencement at the pylorus. A little below the insertion of the two 
bile-ducts, a solitary long and slender caecum enters the intestine ; but 
the nature of the secretion furnished by this organ is unknown. 

(1011.) In the highest Crustacea, as the Decapoday in which legs of 
an ambulatory character become such important locomotive agents, it 
is principally to the origins of these legs that we find the breathing 
apparatus appended ; and their active motion will consequently power- 
fully contribute to the complete aeration of the blood. But let us first 
examine the structure of the branchiae themselves in this highly-orga- 
nized division, and subsequently we will speak of their arrangement and 
connexions. 

(1012.) In the Lobster, and many other Macrouray the branchiae 
(fig. 204, m m)y are pyramidal tufts, consisting of a central stem covered 
over with vascular filaments disposed perpendicularly to its axis, in such 
a manner that each of these organs, when detached, resembles in some 
degree a’small bmsh ; on cutting the stem across, it is foimd to enclose 
an artery and a vein, from which innumerable branches are given off to 
the horizontal filaments; so that the latter constitute a respiratory 
surface of great extent, which is most freely exposed to the surround- 
ing medium. 

(1013.) In the Crabs and Anomoura the structure of the branchiae 
is somewhat different ; for in these divisions the cylindrical filaments are 
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A side vie# fl|^e aJterial 
system in thftfiOWm. Nearly 
one half .iof the body is re- 
moved to show the deeper- 
seated vessels : o, the stomach, 
which has one half removed, 
BO as to show the cavity of that 
visous ; hhbi tim intestine, 
which is <me str^ght tube; 
c c c, the lobes of the liver of 
the left side, the right being 
removed ; d, hepatic duct, en- 
tering the intestine; a, the 
heart; fff^ three orifices, 
guarded ll|' valves, whereby 
the venous system communi- 
cates with the heart ; the 
anterior or antennal arteries ; 
A, the posterior or superior 
caudal artery ; i, the hepatic 
artery; If, a large artery going 
down from the posterior end 
of the heart, principally sup- 
plying the feet and gills (ster- 
nal artery) ; Ms a small ar- 
tery passing back along the 
under surface of the tail, and 
lost in the muscles of that part 
(inferior caudal artery); w, 
the trunk of the artery k bent 
forwards along the fore part of 
the thorax, gi^^ng off branches 
on each side to the feet and 
gills ; n n n, the branches going 
to the feet; ooo, the branchial 
arteries. 
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replaced by broad lamellae laid one above the other ; but in every other 
respect the arrangement is the same. 

(1014.) The respiratory organs above mentioned are lodged in two 
extensive cavities, or branchial chambers, placed upon the sides of the 
body, covered by the broad shield of the cephalothorax (fig. 203), and 
lined by a membrane which is reflected upon the root of each branchia, 
so as to become continuous with the delicate layer that invests every 
filament or vascular lamella that enters into its composition. 

(1015.) The branchial chambers are in free communication with the 
external medium by means of two large apertures, tl^ugh one of which 
the water enters, while it as constantly flows through the other. 
The afferent canal is generally a wide slit that allows tl^water freely 
to penetrate to the interior of the branchial cavity ; tne passage 
whereby the respired fluid escapes after passing over the branchim is 
provided with a valvular apparatus so disposed as to produce a oondnual 
current in the water contained in the chamber, and thus, by ensuring 
its perpetual agitation, effectually to provide for its constant renewal. 
The mechanism is as follows : — The aperture by which the water issues 
is in the neighbourhood of the mouth, and is closed by a broad semi- 
membranous plate (fiahellum) derived from the root of the second pair 
of foot-jaws ; so that every 
motion of these foot-jaws 
impresses a corresponding 
movement upon the valve- 
like flahellwrij and in this 
manner urges on the pas- 
sage of the water out of the 
cavity in which the bran- 
ebiaj are lodged. 

(1016.) But there are 
other means whereby the 
action of the limbs is made 
to assist in the perfection 
of the respiratory process. 

Thus, in the Lobster, the 
third pair of foot-jaws, and 
each pair of ambulatoiy 
legs, except the last, sup- 
ports a flabelliform plate 
(fig. 204, n), the movements of which must likewise keep the fluid 
respired in a state of agitation, and moreover, by gently squeezing and 
compressing the respiratory tufts, powerfully contribute to the perfect 
renovation of the water in contact with the surfaces of the branchiae. 

(1017.) In the Crab genera the arrangement is slightly foodified ; for 
here there are three flahella^ derived exclusively from the roots of the foot- 



ReBpiratory organs of the Crab: b, e, d, foot-jaws, from 
the bases of which the f-abtUa are derived; /, A, A, I, 
ambulatory legs. 
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jaws (fig. 202, hy e,d)\ 
of those, two are im- 
bedded ttmong the bran- 
chiffi '; while the third, 
as represented in the 
figure, extends in a cres- 
centic form over the ex- 
ternal surface of the 
whole series of those or- 
gans. The end answered 
in this case is obviously 
the same as that accom- 
plished in the Lobster, in 
a different and perhaps 
more efficient manner. 

(1018.) In the lowest 
Crustacea the heart is a 
long dorsal vessel, not 
very dissimilar in form 
and disposition from that 
of insect, but, of course, 
giving off arteries for the 
distribution of the blood, 
and receiving veins 
through which the blood, 
having accomplished its 
circuit, is returned. 

(1019.) In the Beca- 
poda the organ becomes 
more centralized ; and in 
the Lobster (fig. 201, e) 
the heart is found to bo 
an oval viscus, situated 
in the mesial line of the 
body, beneath the poste- 
rior part of the ccphalo- 
thorax; it is composed 
of strong muscular bands, 
and contains a single 
cavity of considerable 
size. The contractions of 
tliis heart i may readily 
bo witnessed by raising 
the superjacent shell in 
the living'animal. 



Venous system of the Lobster : «, side view of the venous 
sinus covering the stomach ; ft, side view of the sinus sur- 
rounding the heart (tho letter is placed near one of the 
valvular oriflees by which the venous blood is admitted into 
the ventricle) ; eeec, superficial dorsal sinuses. 
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(1020.) Several large arteries are derived from the above-mentioned 
simple heart. A considerable trunk (fig. 201, g) goes from its anterior 
extremity to supply the eyes, antenn®, stomach, and neighbouring 
organs ; another, the hepatic (i), which is Bometimes|double, supplies the 
two lobes of the liver ; a third large vessel (h) supplies the abdominal 
or caudal region ; and a fourth, the sternal, derived from the posterior 
apex of the heari, bends down to the ventral aspect of the body, where 
it divides — the posterior division (Z Z) supplying the lower parts of the 
abdomen, while the anterior and larger division (wi) gives off branches 
to the legs and foot-jaws (nnnn); it likewise ftimishes other vessels 
(o 0 0 0 ), which are distributed through the branchi®. 

(1021.) The venous system is made up of large and delicate sinuses 
that communicate freely with each other, and receive the blood from 
aU parts of the body. Those of the dorsal region are represented in 
the opposite page (fig. 203) : a large venous sinus (a) occupies the 
cephalic region and covers the stomach ; another cavity (b) lies imme- 
diately above the heart ; and a series of smaller chambers (c c c c) are 
situated above the muscles of the caudal region. These cavities, not- 
withstanding their apparent extent, are very shallow, so that, upon a 
transverse section, their dimensions are by no means so great as a 
superficial view would indicate. The sinus (h), or that placed imme- 
diately over the heart, communicates with tliat riscus by short trunks, 
the terminations of which in the heart are guarded by valves (fig. 201, 
fff), so disposed as to allow the blood to paii from the sinus into the 
heart, but prevent its return in an opposite direction. 

Such is the apparatus provided in the Lobster for the circulation of 
the blood. Our next inquiry must be concerning the course that it 
pursues during its circuit through the body. 

(1022.) MM. Audouin and Milne-Edwards*, after very minutely 
examining this subject, came to the conclusion that the heart is purely 
of a systemic character, being only instrumental in propelling the blood 
through the body, but having nothing to do with the branchial circula- 
tion ; they conceived that the circulating fluid, having been collected in 
the venous sinuses, was brought to the roots of the branchiae, over which 
it was distributed by venous tubes, and then returned to the heart by 
vessels, which they call hranchio-cardiac, to recommence the same 
course. The appended figures, however, which are accurately copied from 
engravings of the Hunterian drawings in the collection of the Royal 
•College of Surgeons of England f, would seem to give great reason to 
doubt tho accuracy of the conclusions arrived at by the eminent natu- 
ralists referred to, and to show that the heart, instead of being purely 

* “ Rechcrchcs Anatomiques et Physiologiques sur la Circulation dans les Crus- 
tac68,” Ann. des Sci. Nat. tom. ii. 

t Catalogue of the Physiological Series of Comparative Anatomy contained in tho 
Musemn of the Royal College of Surgeons of England, vol. ii. 
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systemic, is partly branchial, and impels the blood, not through the 
body only, but also to the respiratory organs. This view of the subject, 
which we are disposed to consider as the most correct, is exhibited in 
the diagram annexed. . Setting out from the heart, we find that the 
blood goes to all parts of the body through the different arterial trunks, 
and by the great sternal artery (fig. 201, h) is conveyed to the legs, 
foot-jaws, and false feet. But from this same artery (m), vessels (o o o o) 
are furnished to the branchiae. The branchial arteries so derived 
(fig. 204, g) subdivide into secondary trunks Qihh), which ramify 


Pig. 204. 



TrauBrenie section of the body of a Lobster, just behind the heart: a, cut edge of the shell of 
the back ; b, the under surface or sternal aspect ; c, the posterior end of the heart ; d d, two orifices 
of Teins entering the heart ; e, cut end of the superior caudal artery ; /, the trunk of the large artery 
(sternal) going to the legs and gills (k in fig. 201); y, trunk of an artery going to supply one tier of 
gills ; A A A, the branches going to each gill; i, artery of the leg; A A A A, the internal vessels or 
veins from each gill; I, the common trunk or branchial vein; m m, the gills; n n, the Jlabella, or 
laminss subservient to the movement and renewal of the respired medium; o o, basal joints of the 
legs. 

through the individual branchiae and supply all their appended filaments. 
Having undergone exposure to the respired medium, the blood is again 
collected from the branchiaa by branchial veins (Tchlc), represented on 
the opposite side of the body, and conveyed by the large vessel {1) to ’ 
the dorsal sinus (fig. 203, 6), where, being mixed up with the general 
mass of blood contained in the sinus, the circulating fiuid is admitted 
into the heart through the valvular orifices (fig. 204, dd), to recom- 
mence the same track. 

(1023.) In the Crustacea, as in the class of Insects, the blood* occupies 
* Milne-Edwarde, loc. cit 
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all the interspaces left between the various viscera, as well as the still 
smaller lacunae situated among the muscular fibres or underneath the 
skin : but the heart, instead of opening immediately into this system of 
intercommunicating cavities, as among the true insects, is continuous 
with a special system of tubes, the walls whereof are well defined, and 
of which the peripheral branches ramify in the substance of all the 
organs of the body, thus constituting a very complete arterial system, 
although, by their ultimate ramifications, the centrifugal vessels thus 
formed become continuous with and lost amongst the interstitial lacunse 
of the body, which in their turn communicate with more considerable 
cavities situated between the viscera ; so that the blood ejected by the 
heart and arteries, arriving in the last ramifications of those tubes, 
escapes into the general interstitial lacunary system, by the intermedium 
of which it returns towards the heart. Thus the circulating fluid is 
brought into direct contact with all the viscera, and fills up the abdominal 
cavity, so that not until after it has passed through the respiratory 
appfiratus does it again find itself enclosed in vessels properly so called. 

(1024.) As might be anticipated from an examination of the external 
configuration of the different families comprised in the extensive class 
we are now considering, the nervous system is found to pass through 
all those gradations of development which we have found gr^ually to 
present themselves as we have traced the Ilomogangliata from the lowest 
to the most highly organized types of structure. In the most imperfect 
Crustacea, indeed, we find a simplicity of arrangement greater than any 
hitherto pointed out oven in the humblest Annelida — a disposition of 
parts which, theoretically, might have been expected to exist, but has 
only been distinctly recognized in the class before us. 

(1025.) Wo have aU along spoken of the nervous centres of the 
Articulata as arranged in symmetrical pairs, although in no example 
which has yet occurred to our notice have wo been able strictly to point 
out the accuracy of such a view of the subject. The two lateral masses 
of the supra-oesophageal ganglion are found united into one brain in 
the humblest forms of annulose animals ; and even in the ganglia form- 
ing the ventral series, although we might presume each to bo composed 
of two symmetrical halves, the divisions are most frequently so inti- 
mately blended, that their distinctness is not susceptible of anatomical 
demonstration. In some of the Crustacea, however, among those species 
which have the segments of their external skeleton most perfectly 
separate and distinct, the nervous system is found to present itself in 
such a condition that the division into lateral halves is perfectly evident; * 
and from this condition their progressive coalescence may be traced, 
step by step, until we arrive at a state of concentration as remarkable as 
that already noticed in the most elevated of the Arachnidans. It is to 
Milne-Edwards and Audouin that we are indebted for the interesting 
particulars connected with this part of our subject ; and the results of 

2 D 
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their investigations are of such great physiological importance*, that 
the following condensed account of their labours cannot be omitted in 
this place. In Talitrus, every pair of ganglia consists of two separate 
nuclei of nervous substance, united by a transverse band so disposed as 
to bring them into communication with each other, while an anterior 
and posterior nervous filament derived from eaoh unites it with the 
preoe^g and following ganglia of the same side of the body : even the 
encephalic mass is composed of two lateral portions united by a cord 
passing between them. All these pairs of ganglia (thirteen in number, 
corresponding with the number of the segments of the body) are exact 
counterparts of eaoh other both in size and figure, so that none seems to 
preponderate in energy over the rest ; but the anterior or encephalic 
pair alone communicates with the eyes and antennae, the only organs of 
the senses as yet discernible. 

(1026.) In Onisms Asellus, a concentration of the elements com- 
posing the nervous system above described is discernible ; and this is 
found to bo indicated by incipient approximation, which takes place 
in two directimSf one longitudinal, the other transverse. In the first 


place, the entire number of pairs of ganglia is reduced to ten, three 
pairs having become obliterated by coalescence ; and moreover, while 
the centM portions still consist of two lateral masses each, the first and 
last pairs are united into single ganglia. As we rise to higher forms 
the coalescence still proceeds; all the pairs of ganglia soon become 
united in a transverse 205 

direction, and gradu- 
ally the whole chain 
becomes shorter by the 
fusion of several pairs 
into larger and more 
powerful masses. 

(1027.) Inthcam 6 
(which, from its ter- 
restrial habits, holds 
a position among the 
Crustacea equivalent to 
that which the Spiders 
occupy among other Ar- 
ticulata), this centrali- 
zation is carried to the 
utmost extent, and all 
the abdominal and thoracic ganglia become agglomerated into one great 
centre, from which nerves radiate to the parts of the mouth and in- 
struments of locomotion (fig. 205). 



Nervous system of the Crab : from the ventral aspect. 


* “ Eecherches Anatomiques sur le Syst^me Nerveux des Crustac^s,” Ann. des 
Sci. Nat. t. xiv. 
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(1028.) But this change in the condition of the nervous system is 
not only observable as we proceed from species to species, as they rise 
higher in the scale of development; similar phenomena are met with in 
watching the progress of any individual belonging to the more perfect 
families, as it advances from the embryo to its mature condition. Thus, 
in the Cray-fish (Astacus flmiatilis), Rathke^ observed that, when first 
perceptible, the , nervous system consisted of eleven pairs of ganglia, 
perfectly distinct from each other, and situated on each side of the 
mesial line of the body. The first six pairs then unite transversely, so 
as to form as many single masses, from which the nerves of the man- 
dibles and foot-jaws emanate ; while the five posterior, from which the 
nerves of the ambulatory extremities are given off, remain separate. 
Such is the state at birth, or on leaving the egg; but further changes 
occur before the Cray-fish arrives at maturity. The four anterior 
ganglia, which supply nerves to the mandibles and foot-jaws, are, by 
degrees, all consolidated into one mass, and the fifth and sixth likewise 
coalesce, while the other pairs continue permanently distinct. The 
reader will at once recognize the resemblance between these changes 
and those already described as taking place during the progress of 
evolution in the CaterpiQar : the same great law is, in fact, in operation 
in both cases, and the same results are obtained from the comjletion of 
the process f. 

(1029.) From a review of the above facts, Milne-Edwards and 
Audouin arrived at the following conclusions : — Ist. That the nervous 
system of Crustacea consists uniformly of medullary nuclei (ganglions), 
the normal number of which is the same as that of the segments or 
rings of the body. 2nd, That all the modifications encountered, whether 
at different periods of the development or in different species of the 
series, depend especially on the more or less complete approximation of 
these nuclei, and on an arrest of development in some of their number. 
3rd. That approximation takes place from the sides towards the mesian 
line, as well as in a longitudinal direction. 

(1030.) In the Crab, the distribution of the nerves is briefly as 
follows : — The encephalic mass, or brain, which still occupies its position 
above the oesophagus, and joins the abdominal centre by two long cords 
of connexion (fig. 206), gives off nerves to the eyes, and muscles con- 
nected with them, as well as to the antennae and neighbouring parts. 

(1031.) Near the centre of each division of the nervous collar that 
surrounds the oesophagus is a ganglionic enlargement, from which arises 
a nerve that runs to the mandibles, and also a very important branch, 
apparently the representative of the nervus vagtis of insects. This, after 

* “ Untersuchungen iiber die Bildung des Flusekrebses,” Ann. des Sci. Nat. t. xx. 
t For a minute account of the arrangement of the nervous system in these ani- 
mals, the reader is referred to the Cyclopewiia of Anatomy and Physiology, art. 

“ Crustacea,” by Dr. Milne-Edwards. 

2d2 
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ramifying largely upon the coats of the stomach, joins that of the oppo- 
site side, and, assuming a ganglionic structure, is ultimately lost upon 
the intestine. 

(1032.) The nerves of the extremities, derived from the central ab- 
dominal ganglion, are represented in the annexed figure (fig. 206), 
which requires no explanation*. 

Fig. 206. 



Nervous system of the Crab : from the dorsal aspect. 


(1033.) We have already (§ 858), when describing the nervous 
system of insects, hinted at the probable existence in the Homogan- 
GLiATA of distinct tracts of nervous matter in the composition of the 
central chain of ganglia, and in the filaments whereby they are con- 
nected with each other : reasoning therefore from analogy, it seems 
fair to presume that, if this bo the case, such tracts correspond with the 
sensitive and motor columns which have been distinctly proved to exist 
in the spinal axis of vertebrate animals. It is to Mr. Newport that we 
are indebted for the first indication of this interesting factf; and the 
accuracy of his observations is readily demonstrable by a careful exa- 
mination of the ganglionic chain of the Lobster and other large Crus- 
tacean species. Each ganglionic enlargement is, upon close inspection, 
clearly seen to consist of two portions : first, of a mass of cineritious 
nervous substance forming the inferior aspect of the ganglion, and of a 
cord of meduUary or fibrous ihatter which passes over the dorsal or 

* VidA Swan, Illustrations of the Comparative Anatomy of the Nervous System. 
Ijondon, 4to. f Phil. Trans. 1834. 
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superior aspect, and appears to be distinct from the grey substance over 
which it passes : supposing therefore the longitudinal chain to consist 
of anterior and posterior fasciculi, as in the medulla spinalis, we have 
the anterior columns communicating with grey substance, while the 
posterior are imconnected therewith, but are continued over the ganglion 
instead of becoming amalgamated with its substance. Another fact 
which favours Mr. Newport’s view of the subject is derived from an 
examination of the manner in which the nerves given off from the 
central aids take their origin i for some of them undoubtedly proceed 
from the cineritious portion of the ganglionic swelhng, while others, 
derived from the upper column, not only have no connexion with the 
grey matter, but arise at some distance from the ganglionic mass: 
judging therefore by the laws at present established in physiology, there 
seems reason to suppose that the anterior, or, rather, inferior fasciculi 
are connected with sensation, while the superior constitute the motor 
tract. 

(1034.) The reader who is conversant with human physiology will 
at once perceive that this arrangement is precisely the reverse of that 
met with in Man and other Yertebrata; and this consideration, appa- 
rently of little importance, has given rise to a variety of curious specu- 
lations — some anatomists having even gone so far as to asselb that all 
the organs of articulated animals are in reality placed in a similar 
inverted position. 

(1035.) A more interesting inquiry connected with this part of our 
subject is, concerning the extent to which the Aeticulata are suscept- 
ible of pain. Is it really true in philosophy, as it has become a stand- 
ing axiom in poetry, that 

“ The poor beetle, that we tread upon, 

In corporal sufferance feels a pang as great 
As when a giant dies” ? 

(1036.) This is a question upon which modem discoveries in science 
entitle us to offer an opinion; and the result of the investigation would 
seem to afford more enlarged views relative to the beneficence displayed 
in the construction of animals than the assertion of tho poet would lead 
us to anticipate. Pain, ‘‘ Nature’s kind harbinger of mischief,” is only 
inflicted for wise and important purposes — either to give warning of the 
existence of disease, or as a powerful stimulus prompting to escape from 
danger. Acute perceptions of pain could scarcely, therefore, bo sup- 
posed to exist in animals deprived of all power of remcdjdng the one 
or of avoiding tho other. In Man, the power of feeling pain indubitably 
is placed exclusively in the brain ; and if communication be cut off 
between this organ and any part of the body, i^ain is no longer felt, 
whatever mutilations may be inflicted. 

(1037.) The medulla spinalis, which, as we shall see hereafter, 
corresponds to the ventral chain of ganglia in articulated animals, can 
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perceive external impressions and originato motions, hut not feel pain ; 
hence we may justly conclude that, in the Homogangliata likewise, the 
supra-OBSophageal ganglia (the representatives of th« brain, and the solo 
correspondents with the instruments of the higher senses) are alone 
capable of appreciating sensations of a painful character. Thus, then, 
we arrive at a very important conclusion, namely, that the perception 
of pain depends upon the development of the encephalic masst's, and 
consequently that as tliis part of the nervous system becomes more 
perfect, the power of feeling painful impressions increases in the same 
ratio — or, in other words, that inasmuch as the strength, actmty, 
and intelligcnco of an animal, by which it can escape from pain, depend 
upon the perfection of the brain, so does the perception of torture 
depend upon the condition of the same organ. How far the feeling of 
pain is acutely developed in the animals we are now considering is 
deducible from every-day observation. The Ply seized by the leg will 
leave its limb behind, and alight with apparent unconcern to regale 
upon the nearest sweets within its reach; the Caterpillar enjoys, to all 
appearance, a tranquil existence while the larvae of the Ichneumon, 
hatched in its body, devour its very viscera; and in the Cmstacea 
before us, of so little importance is the loss of a leg, that the Lobster 
will thro^r off its claws if alarmed by the report of a cannon. 

(1038.) We learn from Dr. Williamson* that the shell of the Deca- 
pods, in its most complete form, consists of three strata: namely, 1. a 
homy stmctureless layer, covering the exterior ; 2. a cellular stratum ; 
and 3, a laminated tubular substance. The innermost, and even the 
middle layers, however, may be altogether wanting. Thus, in Phylh- 
soma (Glass-crab) the envelope is formed of the transparent homy layer 
alone ; and in many of the small Crabs belonging to the genus Portuna, 
the whole substance of the carapace beneath the horny investment is 
made up of hexagonal thick- walled cells. It is in the large thick- 
shelled Crabs that we find the three layers most differentiated. Thus, 
in the common Cancer payurus wo may easily separate the structureless 
horny covering after a short maceration in dilute acid; the cellular 
layer, in which the pigmentary matter of the coloured parts of the shell 
is contained, may then be brought into view by grinding away as flat 
a piece as can be selected from the inner side (having first cemented the 
outer surface to the glass slide), and by examining this with a magni- 
fying power of 250 diameters, driving a strong light through it ; whilst 
the tubular stmeture of the thick inner layer may be readily demon- 
strated by means of sections parallel and perpendicular to its surface. 
This stmeture, which very strongly resembles dentine, save that the 
tubuli do not branch, but remain of the same size through their whole 
course, may be particularly well seen in the black extremity of the 
claw, which is much denser than the rest of the shell, the former having 
* Microscopic Journal. 
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almost the somitransparcncy of ivory, whilst the latter has a chalky 
opacity. In a transverse section of the claw, the tubuli may be seen to 
radiate from the central cavity towards the surface, so as very strongly 
to resemble their radiation in a tooth; and the resemblance is still 
further increased by the presence, at tolerably regular intervals, of 
minute sinuosities corresponding with the laminations of the shell, which 
seem, like the secondary curvatures of the dentinal tubuli, to indicate 
successive stages in the calcification of the animal basis. This inner 
layer rises up, through the pigmentary layer of the Crab’s shell, in little 
papillary elevations ; and it is from the deficiency of the pigmentary 
layer at these parts that the coloured portion of the shell derives its 
minutely spc^ckled appearance. Many departures from this typo are 
presented by the diifercnt species of Crustacea. Thus, in the Prawns 
there are large stellate pigment- cells, the colours of which are often in 
remarkable conformity with those of the rock-pools frequented by these 
creatures ; whilst in the Shrimps there is seldom any very distinct trace 
of the cellular layer, and the calcareous portion of the skeleton is dis- 
posed in the form of concentric rings, an approach to which arrangement 
is seen in the papillae of the surface of the deepest layer in the Crab’s 
shell. 

(1039.) The singular power of breaking off their own limbi^ alluded 
to in paragraph 1037, is possessed by many Crustacea, and is a very 
indispensable provision in their economy. We have already found the 
blood-vessels of these animals to bo of a delicate structure ; and the 
veins being wide sinuses whose walls possess little contractility, the 
fracture of a limb would inevitably produce an abundant and speedily 
fatal hoemorrhago were there not some contrivance to remedy the other- 
wise unavoidable results of such a catastrophe. Should the daw of a 
Lobster, for example, bo accidentally damaged by accidents to which 
creatures encased in such brittle armour must be perpetually exposed, 
the animal at once breaks off the injured member at a particular part, 
namely, at a point in the second piece from the body ; and by this 
operation, which seems to produce no pain, the bleeding is effectually 
stanched*. 

* Mr. Spence Bate gives the following account of this remarkable process : — 
“ When a limb is injured, all Crustaceans have the power of rejecting it, except the 
wound bo below the last joint. This is done by a violent muscular contraction, finish- 
ing with a blow from another limb, or against some foreign body. The amputation 
is the work of a few seconds, except when they have but recently cast their exuviae ; 
at such times the womided limb will sometimes remain for half an hour or longer 
before it is rejected. 

“The new limb is formed within the shell, where it lies folded up until the next 
moult, when it appears as a part of the new skeleton, the sac-like membrane which 
protected it being cast off with the old shell ; and the restored member is larger 
or smaller, in accordance with the length of time which may exist between the 
amputation of the limb and the shedding of the skin. The condition in which 
the limb is at that time remains permanent until the next moult, when the whole 
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(1040.) But the most remarkable part of the phenomenon remains to 
bo noticed: — After this extraordinary amputation has been effected, 
another leg begins to sprout from the stump, which soon grows to be an 
efficient substitute for the lost extremity, and gradually, though slowly, 
acquires the pristine form and dimensions of its predecessor. A beau- 
tiful example of this curious mode of reproducing a lost organ is pre- 
served in the Museum of Comparative Anatomy in King’s College, 
London, in which the new limb (one of the cheliferous claws) has 
already attained the form of the old cheldf but still remains soft and 
uncovered by calcareous integument. The process of reproduction is as 
follows : — The broken extremity of the second joint skins over, and pre- 
sents a smooth vascular membrane, at first flat, but soon becoming 
conical as the limb begins to grow. As the growth advances, the shape 
of the new:, member becomes apparent, and constrictions appear, indi- 
cating the position of -the articulation ; but the whole remains unpro- 
tected by any hard covering until the next change of shell, after which 
it appears in a proper case, — being, however, still considerably smaller 
than the corresponding claw on the opposite side of the body, although 
equally perfect in all its paAs. 

(1041.) Mr. II. D. S. Goodsir has shown* that in the Lobster this 
regeneri^ive faculty does not reside at any part of the claw indiflcrcntly, 
but in a special locality, situated at the basal end of the first joint of 
each of the legs. This joint is almost filled by a mass of nucleated cells 
surrounded by a fibrous and vascular band ; and other nucleated cells 
intervene between this vascular band and the outer crust. The vessels 
of the band pass onwards for about half an inch, and return upon them- 
selves, forming loops. When a claw is broken, or otherwise injured or 
disabled, the Lobster, or Crab, by a violent muscular effort casts it off at 
the transverse ciliated chink, or groove, which indents the reproductive 
segment. The new claw is developed by the multiplication of cells, 
which soon become divided into five groups, answering to the five joints 
of the future limb ; these nascent joints are folded upon each other in 
the Crab, but extended in the Lobster; in both, they are at first en- 
veloped in a sac formed by the distended cicatrix ; the budding limb 
ultimately bursts this cicatrix, and its growth is rapidly completed. A 
great proportion of the reproductive cells contained in the basal ex- 
tremity of the injured limb is made use of in the production of the new 
limb ; but a mass of them is retained unchanged at the basal joint, and 
is ready to renew the reproductive process when needed. In the lower 
Crustaceans such groups of cells are found at more numerous joints. 

(1042.) The observations made in a former chapter relative to the 
organs by which the senses of tomhj tastCj and smell are exercised in 

creature again advances in size, but the now limb more rapidly than the remainder 
of the animal, until it attains its full relative proportions.” — Ann. and Mag. Nat. 
Hist. 185i , vol. vii. p. 300. * Vide Owen on Parthenogenesis, p. 48. 



STRUCTURE OF THE EYE AND EAR. 


409 


insects, are equally applicable to the animals composing the (ilass before 
us ; for in the Crustacea, although we are compelled to admit the pos- 
session of the above faculties, we are utterly ignorant of the mode in 
which they are exercised ; therefore it would ho only an unj^fitable 
waste of time to enter at any length into a discussion from which no 
satisfactory conclusions are, in the present state of our knowledge, to be 
deduced. . . . , 

(1043.) The eyes of Crustaceans are of three kinds — simple, agglme- 
rated, and compound. 

(1044.) The simple eyes {ocelli, stemmata) resemble those of Spiders, 
and, lilic them, are said to consist of a cornea, a spherical lens, a gela- 
tinous vitreous humour, a retina, and deeply-coloured choroid, all 
occupying their usual relative positions. These eyes never exceed two 
or three in number. 

(1045.) In the agglomerated eyes, such aa those of Da^hnia (fig. 212), 
the organ seems to be composed of a number of simple eyes placed 
behind one common cornea ; such eyes are moveable ; and in the animal 
depicted in the figure, the muscles acting upon the visual apparatus, 
which in this case is single, are arranged so as to fom a cone, the base 
of which is formed by the eye, and may be distinctly seen under a good 
microscope. § 

(1046.) The compound eyes appear to bo constructed upon the same 
principles as those of insects. Tho corncm are extremely numerous, 
and in general hexagonal ; but soraetimies, as in the Lobster, they aro 
square. Tho vitreous humours equal the cornem in number, and behind 
each of these a distinct retina would seem to be expanded. The com- 
pound eyes of Cnistaceans have not, however, as yet been examined with 
the same patient diligence as those of the Cockchafer ; so that, as relates 
to their minute anatomy, much is still left to conjecture and uncertainty. 
One peculiarity connected with these organs is, that in the two highest 
orders of Crustacea, hence called Podophthalmia, tho eyes aro placed at 
tho extremity of moveable pedicles articulated with the first cephalic 
ring of the external skeleton, and thus they may be turned in various 
directions without moving tho whole body at the same time. This pro- 
vision was not required in insects, owing to tho mobility of tho head in 
those animals, but is absolutely indispensable in the case before us, 
where, the head and thorax being consolidated into one mass, tho extent 
of vision commanded by sessile eyes would have been exceedingly 
limited, and inadequate to tho security of creatures exposed to such in- 
numerable enemies. 

(1047.) It is in the higher Crustacea that we, for tho first time, in- 
dubitably find a distinct auditory apparatus ; and, from the simplicity 
which tho organ of hearing presents in this its earliest appearance, an 
inquiry concerning its structure becomes of great physiological interest. 
In the Lobster the ears are situated upon the under surface of tho basal 
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joints of the second pair of antenna). On looking carefully, in this 
situation the student will find a prominent tubercle formed by the 
shell, the top of which is perforated by a small circular opening covered 
with a tense membrane. Behind this orifice is placed a minute vesicle 
filled with fluid, upon which a delicate branch of the antennary nerve is 
distributed. This constitutes the whole apparatus : the vibration of the 
water strikes upon the external membrane, the water in the sacculus 
participates in the tremor, and the expanded nerve conveys to the brain 
the sensation thus produced. 

(1048.) The function of this organ in the Lobster is contested by Dr. 
Arthur Farre, who observes that it is situated not far from the mouth, 
and is directed downwards ; it is by far the most sensitive part of the 
body, since, while the mechanical irritation of any other parts excites 
only slight movements in the limbs of the animal, the touching of this 
part is immediately followed by violent and almost spasmodic flappings 
of the tail. 31iese circumstances, together with the situation of the 
organ, ap^ar to Dr. Farre to point it out as intended possibly for the 
purpose of testing the quality of the food — ^as, in fact, an organ of smell, 
evidently endowed mth an exquiate sensibility*. This, however, is 
evidently merely a matter of conjecture, more especially as in the gene- 
rality qf the Crustaceans such an apparatus is altogether wanting. 

(1049.) The true organ of hearing, according to Dr. Farre, is situated 
in the base or first joint of the lesser pair of antennae — ^its precise seat 
being indicated externally by a tough membrane, which covers an oval 
aperture in the upper surface of this joint. Towards the inner and 
anterior margin of this* membrane there exists a small round aperture, 
into which a bristle can be easily passed. On removing the membrano, 
together with a portion of the surrounding shell, the internal organ is 
brought into view, completely imbedded in the muscular structure of the 
antennae. 

(1050.) This organ, the vestibular sac, nearly fills the cavity of the 
joint, is somewhat sacciform in its shape ; and its walls present a delicate 
homy stmeture of the consistence of a thin quill, being so transparent 
as to admit of its contents being seen through the parietes. These are 
found to consist of numerous minute particles of siliceous sand, which are 
loosely contained in the interior of the sacculus. The walls of the ves- 
tibular sac are furnished with several rows of minute ciliated processes 
which, when highly magnified, are seen to be hollow and to be covered 
with a fine down of hairs of exquisite delicacy, while in their interior 
are contained numerous minute granules, which are apparently nerve- 
granules. These processes are dilated at their base so as to form a 
globular swelling, where they are articulated to corresponding circular 
apertures in the walls of the sac, from which they spring in immediate 

* “ On the Organ of Hearing in Crustaceans,” by Dr. Arthur Farre, Phil. Trans. 
1843, p. 234. 
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apposition with a plexus of the auditory nerve, which has a separate and 
distinct origin from the supra-oesophageal ganglion. 

(1051.) The existence of this singularly-constructed apparatus is by 
no means universal even among the Macrourous Decapods, and in the 
Brachyura it seems to be altogether wanting. We recognize, however, 
in its structure all the essential parts of an organ of hearing in its 
primitive form, viz. a distinct acoustic nerve, terminating in a plexus, 
which is expanded upon a vestibular sac. The remarkable arrange- 
ment of ciliated processes immediately overlying this plexus, with each 
process filled with nerve-granules, exhibits an apparatus for extending 
tlic extremities of the nerves in such a manner as to render them sen- 
sitive to the most delicate vibration of the fluid with which the sac is 
filled. But to heighten the effect of this, the grains of sand are added, 
thus forming adventitious otoliths, which, moving freely in the fluid 
contents of the sac, doubtless considerably increase the vibration of that 
fluid. ^ 

(1052.) In the Brachyuray or Crabs, the membraht edti^^ the ex- 
ternal orifice of the ear is converted into a moveable^ dScareous lamella, 
from which, in some genera, a furcate process is continued internally ; 
so that the whole, when removed by maceration, has no very distant re- 
semblance to the stapes of the 
human ear, and, like it, seems 
to bo acted upon by muscular 
fasciculi, so disposed as to 
regulate the tension of the 
vibratile membrane, and thus 
adapt it to receive impressions 
of variable intensity. 

(1053.) One of the first cir- 
cumstances calculated to at- 
tract the notice of the anato- 
mist who turns his attention to 
the structure of the genera- 
tive system, both in male and 
female Decapod Crustacea, is 
the complete separation which 
exists between the organs be- 
longing to the two sides of the 
body; for not only are the 
internal secreting viscera for 
the most part perfectly di- 
stinct from each other, but 
even the external sexual ori- 
fices are equally separate and imconnected. 

(1054.) Beginning with the parts obsciwablo in the male, we will 



Male gpnerative apparatus of AatacM JlwakUilit • 
a a, by testicular mass ; c c, vasa deferentia, forming 
by their con volutions a kind of epididymus, dd\fy 
their external orifices. 
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take the Cray-fish {Astacm fluviatllis) as a standard of comparison, and 
briefly notice the principal variations from the type of structure ob- 
Bervable in that species which are met with in other genera. 

(1055.) In the Cray-fish, and also in the Lobster, the si^ceming 
oi^ans or testes, when examined in situ, are found to occupy the dorsal 
region of the thorax, lying upon the posterior part of the stomach. 

(1056.) Examined superficially, the testes would seem to form but 
one mass, consisting of three lobes (fig. 207, a a, h) ; but on investi- 
gating the minute structure of the organ, it is found to be made up of 
yeiy delicate secreting-tubes that give origin to two excretory ducts 
(c c). After numerous convolutions, which form a kind of epididymus 
id), each duct,, becoming slightly dilated, terminates by a distinct orifice 
if), semi upon the basal articulations of the last pair of ambulatory 
legs. There is no intromittent apparatus visible; but, according to 
Milne-Edwards*, th6 extremity of the excretory duct, by undergoing a 
kind of tumefaction, may be protruded externally, so as to become effi- 
cient in dirfecriug the course of the fecundating fluid. 

(1057.) ]k;.Crab8, the mass of the testis is exceedingly large, but in its 
essential structure similar to that of the Cray-fish, and the external 
opening of its excretory duct is found to occupy the same situation ; in 
some ^nera, however, instead of being placed upon the first joint of the 
last pair of legs, the orifices of the male organs aro found upon the ab- 
dominal surface of the last thoracic ring itself, 

(1058.) In the male Bracliyura’^ the so-called false feet constitute the 
external sexual organs ; and Mr. Bate has several times taken Carchius 
mcetias in the act of copulation, under which circumstances he distinctly 
saw these styliforra processes inserted within the vulvte of the female. 
These false feet consist of two pairs, the largerbeing anterior, and attached 
to the first abdominal ring, — the less, or posterior, to the second ring. In 
all, except the edible Crab, the second pair is very small, apparently 
rudimentary, and lie with their extremities inserted posteriorly into the 
larger pair. But in Cancer jpayumis, though slight, they are equally 
long with the first pair, and have a joint, peculiar to this Crab, situated 
near their centre, in addition to one, common to others, attached to the 
basal joint. The orifice of this pair is slightly frilled : it lies posterioriy 
against the first pair, which are the most important. These latter are 
styliform, and attached by a hinge to a calcareous continuation of the 
dermal membrane of the abdomen. From the first joint of the fifth pair 
of legs a membranous tube (the vas deferens) passes out and enters at the 
second joint of the so-called false feet, continuing through, and termi- 
nating at the apex in an oval slit. Internally the tube is derived im- 
mediately from the testicle. 

(1059.) Mr. C. Spence Bate believes that Crabs have more than one 

* Cyclop, of Anat. and Phys., art. “ Crustacea.” 

t “ Notes on Crustacea,” by C. Spence Bate, Ann.&Mag. Nat. Hist., 2 ser. vi. p. 109. 
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brood to a single impregnation by the male, and that the male can only 
impregnate the female immediately after the shedding of the exuvia). 
‘‘For days previously the male may he seen running about and hiding 
himself under stones, holding the female by one or more of his legs, the 
carapace being pressed against the sternum of the male. In this relative 
position they continue until the female throws off her calcareous clothing, 
when connexion immediately follows, and continues perhaps for a day 
or two.’’ 

(1060.) The female generative organs of Crustacea Very accurately 
resemble those of the male ; and in 
the iiiMraprcgnated condition it is 
not always easy, from a superficial 
survey of the internal viscera, to 
determine the sex. In Astaeus 
fluviatiliSf the ovaria (fig. 208, a) 
occupy a position analogous to that 
of the male testis, and a simple 
canal derived from each side (b, e) 
conducts the eggs to the external 
apertures found upon the first joint 
of the third pair of legs. 

(1061.) In Crabs, an important 
addition is made to the female 
generative system: — prior to the 
termination of each oviduct it is 
found to communicate with a wide 

1 i* i.* i* 1-* -u • Female generative organB of A^fatnu ^u- 

SaCCUlUS, the tunction Ot which is viatuis: a, ovaria; e, oviduct; d, external 
apparently analogous to that of the termination of the right oviduct; e, escaped 

^ermatheca of insects (§ 886), 

inasmuch as it seems to form a receptacle for the fecundating secretion 
of the male, in which the seminal fiuid remains, ready to impregnate the 
ova as they successively pass its orifice during their expulsion from the 
body. 

(1062.) The eggs are almost invariably carried about by the female 
until they are hatched, and in order to effect this, various means are 
provided. In the Decapoda they are fastened by a stringy secretion to 
the false feet under the abdomen ; and a female Crab may generally be 
readily distinguished from a male of the same species by the greater 
proportionate size of this part of their body. 

(1063.) Many of the Decapod Crustaceans, as, for example, the Cray- 
fish (Astaeus Jluvmtilis), do not not seem to undergo material alterations 
of form, but simply moult at certain intervals, throwing off their old 
integument and acquiring a new covering. Nevertheless, even in the 
Decapoda it is certain that great metamorphoses take place in the ex- 
ternal appearance of the young animals. Cavolini long since announced 




414 


CRUSTACEA. 


that the embryo of Cancer depressm exhibited at birth a singular and 
uncouth appearance, of which he gave a very tolerable representation*; 

Fig. 209. 


and Mr. Thompson has rendered it 
certain that, even in the develop- 
ment of the common Crab, so dif- 
ferent is the outward form of the 
newly-hatched embryo from that 
of the adult, that the former has 
been described as a distinct species, 
and even grouped among the En- 
TOMOSTBACA, Under the name of 
Zoea pdoffiea* On leavijig the egg, 
the young Crab presents a curious 
and grotesque figure (fig. 209) : its 
body is hemispherical, and its back 
prolonged upwards into a hom-like 
appendage; the feet are scarcely 
visible, with the exception of the 
last two pairs, which are ciliated 
like those of a Branchiopod, and 
forme# for swimming. The tail is 
longer than the body, 
possesses no false feet, 
and the terminal joint is 
crescent-shaped and co- 
vered with long spines. 

The eyes are very large, 
and a long beak projects 
from the lower surface 
of the head. 

(1064.) In a more 
advanced stage of growth 
the creature assumes a 
totally different shape 
(fig. 210), under which 
form it has been known 
to naturalists by the 
name of Megalopa. The 
eyes become peduncu- 
lated, the cephalothorax 
rounded, the tail flat and 
provided with false feet, 
and the chelae and am- 
bulatory extremities well developed. 



Fig. 210. 



Metamorphosis of Crab. 


* Sulla Gbnemione dci Posci e dei Qranchi. 


4to. Naples, 17^ 
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(1065.) A subsequent moult gives it the appearance of a perfect 
Crab ; and then only does the abdomen become folded under the thorax, 
and the normal form of the species recognizable (fig. 211), 

Fig. 211. 



Metamorphosis of Crab. * 


(1066.) Notwithstanding the diversity of form under which the 
young Crab presents itself at different phases of its growth, eximples 
of which we have hero figured, it would seem, from the observations of 
Mr. C. Spence Bate*, that the progress made towards the mature con- 
dition is not by any sudden metamorphosis, but by a series of moult- 
ings similar to those which take place in the adult, and that with each 
successive moult there is a corresponding degree of progress in its 
development. But the amount of change at each moult is so little that 
it gives to the animal but a very small degree of difference in its general 
appearance ; and it is only by a comparison of the earliest form with 
the last, and that without any consideration of the intermediate stages 
in its growth, that the idea of a true metamorphosis in Decapod Crus- 
tacea has arisen. There are, in fact, six or seven weU-marked stages 
or forms that the growing animal passes through in its progress to 
maturity ; and each of these is linked to the preceding as well as to 
that which follows by a succession of changes that are but just ap- 
preciable. 

(1067.) Brancuiopoda. — In the Branchiopod Crustacea (so called 
from this, circumstance), the legs used in swimming would appear to be 
converted into broad-fringed lameUse, so thin that they perform the office 
of branchiae, and render needless the existence of other instruments of 
respiration. In Daphnia, for example (fig. 212), a creature common 
in every stagnant pool, the body is contained, as it were, between two 
corneous plates, open along their inferior edge. Through this trans- 
parent envelope the legs may be perceived in constant movement ; and 
* Phil. Trans. 1848. 
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froin tho extreme delicacy of the covering that invests them, they evi- 
dently present to the surrounding medium a surface of sufficient extent 
for the purpose of exposing the blood to its action, thus rendering them 
effioient substitutes for branchiae, while, at the same time, their move- 
ments ensure a perpetual renovation of the water in contact with them ; 
so that, as a. necessary consequence, the respiratory process will be 
accomplished with greater completeness in proportion as the exertions 
‘ of the animal become more vigorous. In the Crustacea, indeed, we have 
many interesting and beautiful examples of the connexion between the 
respiratory and locomotive organs. Tho amount of respiration must 
necessarily be equivalent to the expenditure of muscular energy ; and a 
more elegant manner of ensuring an exact correspondence between the 
one and the other, than that adopted, could scarcely bo imagined ; for, 
by appending the branchiae to the locomotive agents themselves, the 
more actively the latter are employed, tho more freely will the former 
receive the influences of the aerated water in which they are immersed. 


Fig. 212. 



(1068.) In tho Squilla, which swims by means of the movements of 
its broad tail, it is the false feet beneath the abdominal segments that 
become branchial organs ; and these, being expanded into broad and 
vascular lamellae, perform the office of gills. In the Squilla, therefore, 
and similarly-formed genera, the free movement of tho tail ensures the 
full and complete exposure of the respiratory structures to the surround- 
ing element. 

(1069.) The more minute Branchiopods, or Entomostram, as they are 
called by zoologists, offer, in their mode of reproduction, several remark- 
able variations from what has been described above ; and a brief account 
of their most interesting peculiarities is therefore still wanting to com- 
plete this part of our subject. These little creatures, in fact, seem to ' 
form a transition between the class we are now considering and the 
Kptzoa, which many of them resemble so nearly, that they are still 
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confounded together by many authors. The fcmalo Entomostraca fre- 
quently carry their ova in two transparent sacculi attached to the hinder 
of the body ; and it is in these egg-bags that the oviducts terminate j 
so that the ova, as they are formed, are expelled into the singular 
receptacles thus provided. Without such a provision, indeed, it would 
be difficult to conceive how the ova could possibly remain attached to 
the parent, as they far surpass in their aggregate bulk the size of her 
entire body, and therefore could not by any contrivance be developed 
internally without bursting the crustaceous covering that invests the 
mother. JTurine^, Ramdohrf, and other authors have carofolly watched 
the generative process in several genera, and brought to light many 
important and curious facts connected therewith. In Cyclops, a species 
to be met with in every ditch, the impregnation of the ova is undoubt- 
edly effected in the body of the parent ; and the eggs, when formed, are 
expelled into two oval sacs placed on each side of the tail, which Jiirine 
calls exterhial ovaries. The number of eggs contained in these sacs 
gradually increases ; and they exhibit a brown or deep-red colour until 
a short period before the growth of the embryo is completed, when they 
become more transparent. In about ten days the eggs are hatched and 
the young escape; and such is the prodigious fertility of these little beings 
that a single female will, in the course of throe months, producciten suc- 
cessive families, each consisting of from thirty to forty young ones. 

(1070.) In the genus Apm, another plan is resorted to for the 
protection of the ova; — the eleventh pair of legs, called by Schiiffer 
‘‘ womb-legs,'^ have their first joints expanded into two circular valves, 
which shut together like a bivalve shell, and thus form a receptacle in 
which the eggs arc contained until they arrive at maturity. 

(1071.) In Daphnia (fig. 212), the ovari^i are easily distinguished 
through the cxciuisitcly transparent shell, especially when in a gravid 
state ; and the eggs, after extrusion, are lodged in a cavity situated 
between the shell and the exterior of the body, where they remain until 
the embryo attains its fuU growth. 

(1072.) One fact connected with the reproduction of tho Entomos- 
traca is so remarkable, that, had we not already had an instance of 
the occurrence of a similar phenomenon in tho insect world {Aphides), 
tho enunciation of it would cause no little surprise to tho reader; and 
had its reality been less firmly substantiated by the concurrent testi- 
mony of numerous observers who have witnessed it in many different 
genera {Cyclops, Daphnia, &c.), it might still bo admitted with suspi- 
cion. In the genera above mentioned, it has been ascertained, by careful 
experiments, that a single intercourse between the sexes is sufficient to 
render fertile tho eggs of several (at least six, according to Jurine) 
distinct and successive generations. 

* Histoire des Monocles. 1 vol. 4to. Gon^ye, 1820. 
f Mat(5riaux pour I’llistoire do quclques Monocles allemands. 4to. 1805, 
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(1073.) In many species there is a double mode of reproduction, the 
sexual and the non -sexual. The former takes place at certain scaisons 
only, the males disappearing entirely at other times ; while the latter 
continues at all periods of the year, so long as warmth and food arc 
supidicd, and is repeated many times, so as to give origin to many 
successive broods. Further, a single act of impregnation serves to 
fertilize not merely the ova which arc then mature, or nearly so, but 
nil those subsequently deposited by the same female, even at consider- 
able intervals. In these two modes the multiplication of these little 
creatures is carried on with great rapidity, the young animal speedily 
coming to maturity and beginning to propagate, so that, according to 
the computation of Jurine, founded upon data ascertained by actual 
observation, a single fertilized female of the common Cyclops might be 
the progenitor of 4,442,180,120 young. 

(1074.) The eggs of some Entomostraca are deposited free in the 
water, or are carefully affixed in clusters to aquatic plants ; but they are 
more frequently carried for some time in special receptacles developed 
from the posterior part of the body, and in many instances they are 
retained there until the young are ready to come forth. In Daphnia 
the eggs are received into a large fiavity between the back of the animal 
and the^ shell, and there the young undergo almost their whole deve- 
lopment. Soon after their birth a*moult or exuviation takes place, and 
the egg-coverings are got rid of with the cast shell. In a vorj’^ short 
time afterwards another brood of eggs is seen in the cavity, and the 
same process is repeated. At certain times, however, the Daphnia may 
be seen with a dark opako substance within the back of tho shell, which 
has been called the epMppium, from its resemblance to a saddle. This, 
when carefully examinedj, is found to be of dense texture, and to be 
composed of a mass of hexagonal cells ; and it contains two oval bodies, 
each consisting of an ovum covered with a dense homy casing, enve- 
loped in a capsule, which opens Mko a bivalve shell. From tho recent 
observations of Mr. Lubbock*, it appears that the ephippium is really 
only an altered part of tho carapace, its outer walls being a part of 
tho outer layer of the epidermis, and its inner valve the correspond- 
ing part of the inner layer. Tho development of tho ophii)pial eggs 
takes place at the posterior part of tho ovaries, and is accompanied by 
tho formation of a greenish-brown mass of granules ; from this situation 
the eggs pass into the receptacle formed by the new carapace, where 
they become included between the two layers of the ephippium. This 
is cast, in process of time, with tho rest of the skin, from which, how- 
ever, it soon becomes detached, and continues to envelope the eggs, 
generally floating on the surface of tho water until they are hatched 
with the returning warmth of spring. This curious provision is ob- 
viously destined to afford protection to the eggs which arc to endure 
» Proc. of Roy. Soc., Jan. 20, 1857. 
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the severity of the winter’s cold. There seems a strong probability, 
from the observations of Mr. Lubbock, that the ephippial eggs are true 
sexual products, since males are to bo found at the time when the 
ephippia are developed, whilst it is certain that the ordinary eggs can 
be produced non-sexually, and that the young that spring from them 
can reproduce their race in like manner. It has been ascertained by 
Dr. Baird that the young produced from the ephippial eggs have the 
same power of continuing the race by non-scxual reproduction as the 
young developed under ordinary circumstances. In most Entomostraca, 
the young, when first hatched, have only the thoracic portion of the 
body as yet developed, and possess but a small number of locomotive 
organs. The eyes, too, are at first frequently wanting. The process of 
development goes on with great rapidity, the animal at each successive 
moult (which process takes place at intervals of a day or two) present- 
ing some new parts and becoming more and more like its parent, — the 
females lapng eggs before they have acquired their full size. 

(1075.) The cast shell carries with it the sheaths not only of the 
limbs and plumes, but of the most delicate hairs and set® connected 
with them. If the animal have previously sustained the loss of a 
member, it is gradually renewed at the next moult, as in the higher 
Crustacea. ® 

(1076.) Some authors have supposed, from the circumstance of all the 
individuals which have been met with belonging to certain genera being 
females, that some of these little beings were hermaphrodite, or self- 
impregnating ; but such an opinion rests on very doubtful grounds, 
especially as there seems good reason to believe that in many instances 
the forms of the male and female of the same species are so different 
that they might easily be mistaken for totally distinct animals. 

(1077.) The last point which we have to notice, in connexion with the 
history of the Crustacea, is the progress of their development from the 
embryo condition to the mature state. This is a subject which has 
given rise to considerable discussion, especially as relates to the changes 
which occur during the growth of the more highly organized forms, — 
some authors contending that they leave the egg complete in all their 
parts and presenting their adult configuration, while others assert that 
they undergo changes so important as only to be comparable with the 
metamorphoses of insects. 

(1078.) Among the Entomostraca such changes have been again and 
again witnessed, and the appearances observed during their growth care- 
fully recorded. Erom these observations very important results have 
been obtained, inasmuch as many forms previously described as distinct 
species have been found to be merely the same animal in different stages 
of development. In CyclopSy for example, the newly-hatched embryo 
possesses only four legs, and its body is round, having as yet no appear- 
ance of caudal appendages : of young animals in this condition Muller 
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had fonned a distinct genus, Anymene * ; in about a fortnight they get 
another pair of legs, and form the genus NaupUiis of the same author. 

• Fig. 213. Fig. 214. 



Artcmia salinus. 




Fig. 215. 



MetamorphoseB of Ariemia. 

They then change their skin for the first time, and present the form of 
* Latreille, Rdgne Animal, vol. iv. 
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tho adult, but with antenna) and feet smaller and more slender than in 
the perfectly mature state. After two other changes of skin they become 
capable of reproduction. 

Fig. 216. Fig. 217. 



(1079.) The Salt-marsh Shrimp {Artemia salinus) affords a good ex- 
ample of these remarkable exuviations. This animal is especially in- 
teresting, as being, perhaps, tho nearest approach in existing nature to 
the extinct forms of TAlohites so abundantly met with in certain geo- 
logical strata ; and we have accordingly given, upon an enlarged scale, 
accurate drawings of its external organization, both in the male and 
female (figs. 213 & 214). Who, however, would recognize, in the em- 
bryo of this Crustacean on its first quitting the egg (fig. 215), any re- 
semblance to the adult creature, or even, in its second condition (figs. 216 
& 217), be able to identify it as belonging to tho same species as that 
depicted above — so completely are all its parts remodelled in their 
structure before arriving at tho mature state ? 

(1080.) Epizo#. — An extensive group of animals closely resembling 
the Crustaceans have been so constructed as to be capable of attaching 
themselves to the external parts of other creatures, from which they 
suck the nourishment suited to their nature. 

(1081.) These parasites are commonly found to infest fishes and 
other inhabitants of fresh and salt water, generally fixing themselves 
in positions where an abundant supply of animal juices can be readily 
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obtained, and where, at the same time, the water in which they are im- 
mersed is perpetually renewed for the purpose of respiration. The 
gills of fishes, therefore, offer an eligible situation for their development, 
as do the branchiae of other animals; or they are sometimc'S found 
attached in great numbers to the interior of the mouth in various fishes, 
deriving from its vascular lining, or from the abundant secretions mot 
with in such a locality, a plentiful supply of food, while they are freely 
exposed to the currents of water which the mode of respiration in the 
fish brings in contact with them. 

(1082.) The Icast-claborately organized of these animals exhibit ex- 
ceedingly grotesque and 


singular shapes, resembling 
imperfect embryos rather 
than mature beings, — the 
first buddings of external 
limbs, in the earlier period 
of foetal development, imi- 
tating not very remotely 
the appearance of tlio ru- 


Fig. 218. 



dimentary appendages re- 


presented |in the annexed 
figure* (fig. 218). 

(1083.) A great number 
of species of these para- 
sites, generally described 
under the name of Ler- 
TieafiSj have been observed 
by authors, and it would 
seem, moreover, that each 
is peculiar to a particular 
kind of fish. The variety 



Lerneans. 


exhibited in their outward forms is, of course, exceedingly great; but 
the examples depicted in the figure, namely the Lemcea golnna, found 
in the branchiae of CoUxis GoMo, and Lemcea radiata, which infests the 
mouth of CoryjpTuma ruj>estris, will make the reader sufficiently ac- 
quainted with their general appearance and external structure. In the 


former parasite, of which a posterior and an anterior view are given 
in fig. 218 (a, b), tho appendages seen upon the head and sides of the 


body answer the purpose of hooks or grappling orgins, whereby the 
creature retains its position ; and so firm is its hold upon tho delicate 
covering of tho gills, that, oven after the death of the fish, it is not easily 
detached. In tho second example (c, d% besides tho rudimentary limbs, 
the lower surface of the head and ventral aspect of the body {d) are 
covered with sharp spines, calculated to increase very materially the 


* Muller (O. R), Zoologia Danica, 1788. 
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tenacity of its hold upon the surface from which it imbibes food. The 
sacculi appended to the posterior part of the animal are receptacles for 
the eggs and will bo explained hereafter. 

(1084.) These examples, however, are taken from the most imper- 
fectly organized Epizoa; but as wo ascend to more highly-developed 
species, we shall at once see how gradually an approximation is made to 
the articulated outward skeleton and jointed limbs mot with in the 
llomogangliato forms of being, until at last the zoologist remains in 
doubt whether the more elaborately-constructed ought not to be admitted 
among the Crustacean families which they most resemble. 

(1085.) The Achtlieres Percarum (fig. 219) is one of those species most 
nearly allied to the AuticdlatxV ; and 
the details of its anatomy having been 


fuUy investigated by Nordmann*, it 
wiU serve as a good example of the type 
of structure which prevails throughout 
the group. 

(1 08G.) ThoAchtheres is found to infest 
the Perch {Perea Jluviatilis)y adh(yiiig 
firmly to the roof of the mouth, to the 
tongue, or sometimes even to the eyes 
of that fish, in which situations it is 
concealed by a brownish slimy secretion, 
so that its presence might easily escape 
the notice of a casual observer. 

(1087.) The female, represented in 
the figure, is about 2 lines in length ; 
the male, which differs materially from 
the other sox in many points, is con- 
siderably smaller. 

(1088.) The outer covering of the body 
of these little creatures is at once seen 
to have assumed a homy hardness ap- 
proximating to the density of the cover- 
ings of the Entomostraca ; and indica- 



Aetkeres Percarum •. a, adhesiTe 
disk; b b, posterior pair of limbs* 
e, stomach ; d df ovaria ; e, anal ori- 
flee; //, ovisacs ; o, antennss. 


tions are even perceptible of a division into segments : the distinction, 


moreover, between the trunk {ceplialothoraai)^ to which the limbs are 
appended, and the abdomen, wherein the viscera are lodged, is obvious. 

(1089.) Instead of the rude and imperfect limbs we have seen in the 
Lemeans, the legs are visibly more perfect in their entire construction ; 


and in the female, the posterior pair of these appendages are converted 
into a most singular instrument of attachment, whereby the Achtheres 
fixes itself to the gums of the fish. The hinder pair of extremities alluded 


* Mikrographische Reitrage zur Natiirgcschichte dor wirbclloscn Thioro. Berlin, 
1832. 


424 


EPIZOA. 


to (fig. 219, h h) arc, in fact, enormously developed ; they curve forward 
after their origin from the posterior part of the trunk, and are so much 
extended that they project considerably beyond the head of the creature, 
where, becoming considerably attenuated, the; two arc joined together 
by a kind of suture, and support, upon the point where they are united, 
a cup-shaped organ whereby the creature fixes itself. This singular 
instrument (represented upon an enlarged scale at fig. 220, l) is of a 
(jartilaginous hardness, resembles a little bowl the inside of which is 
studded with sharp teeth, and is not only calculated to act as a powerful 
sucker, but, from the hooks within its cavity, is capable of taking a 
most tenacious hold upon the lining membrane of the mouth. 

(1090.) The other members (fig. 219, o) are much less developed, but 
are nevertheless so constructed as to assist materially in fixing the 
Epizoon ; they are represented upon a very largo scale in fig. 220, 2, 
where the outer pair {a a) are seen to exhibit, in the transverse lines 
indented upon their surface, the first indication of articulated limbs, and 
their extremities, armed with minute hooks, evidently form powerful 
agents for prehension. Internal to these are two other jointed organs, 
still more feeble in their constniction, the ends of which {b h), being 
armed with three spines, will assist in effecting the same object, 

(lOi)lf) The mouth itself (fig. 120, 2, c) is formed upon similar prin- 

Fig. 220. 



Details of the structure of Achtheres. 1. Adhesive disk on an enlarged scale : e c, conjoined ex- 
tremities of the hinder pair of legs. 2. Structure of the mouth and parts adjacent: a a, anterior 
limbs; b b, antenum; c, mouth, furnished with rudimentary jaws. 

ciples, the external orifice being surrounded with a circle of minute re- 
curved spines, well calculated to ensure its firm application to the surface 
from which nourishment is obtained ; and within this, rudimentary jaws 
furnished with strong teeth are visible, adapted, no doubt, to scarify the 
part upon which the mouth is placed, in order to ensure an adequate 
supply of food. In the male Achtheres, the sucking-bowl possessed by 
the female does not exist, the prehensile organs being merely four stout 
articulated extremities, armed at the end with strong prehensile hooks. 
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(1092.) As wc might suppose, from the nature of the food upon 
which this creature lives, the alimentary system is extremely simple. 
The oesophagus (the course of which is represented hy dotted lines in 
the same figure) terminates in a straight digestive canal (fig. 221, a), 
which passes through the centre of the abdomen • but no separation 
between stomach and intestine is 
visible. The entire tube, from the 
transverse constrictions visible 
upon its surface, has a sacculated 
appearance, and is perceptibly 
dilated towards the centre of the 
abdominal cavity ; after which it 
again diminishes in size as it 
approaches the anal orifice (6), 
situated at the posterior extremity 
of the body. 

(1093.) Near the termination 
of its course, the alimentary canal 
passes through a loop formed by 
transverse bands (n n), and, n^ore- 
over, seems to be retained in its 
position by radiating fibres, appa- 
rently of a ligamentous character, 
but which have been described as 
representing a biliary apparatus. 

(1094.) The muscular system 
of this animal is far more perfect 
in its arrangement than in the 
preceding classes, and the delicate fasciculi which move the rudimentary 
limbs are visible through the transparent integument (fig. 219). In 
the abdomen, the muscles form longitudinal and transverse bands that 
intersect each other at right angles (fig. 221, iV ) — an arrangement not 
very different from what we shall soon meet witli in the rotiferous 
animalcules. 

(1095.) The nervous system appears to consist pmicipally of two long 
filaments (fig. 221, c) that run beneath the alimentary canal : but it 
is extremely probable that these communicate with some minute ganglia 
in the neighbourhood of the head ; at least, the perfect structure of the 
oral apparatus and the dovebpment of the limbs would seem to indicate 
such a type of structure. 

(1096.) The generative organs in the female AMieres consist of two 
parts — the ovaria, wherein the eggs are formed, contained in the abdo- 
minal cavity (fig. 219, d d ) — dnd of two external appendages, or egg- 
sacs (fig. 219, //), which are attached to the posterior extremity of the 
body, for the purpose of containing the eggs until their complete de- 


Fig. 221. 



hWmi'T&oi Achihere$Tercaruin\ a, alimenhir3r 
canal; d, anal orifice; c, m-rvous fllamonts?; 
d, muBcular hands ; c, unimprcgnati'd, and/, im- 
pregnated ovary ; g g, external openings of the 
ovaria. 
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: this arrangement wo have already had an 
o^pozteiity examining in the Entomostracons Crustaceans. 

(10§7.) The: internal ovaria (fig. 221, f), when distended with ova, 
occupy a great part of the cavity of the abdomen, and present a racemose 
appearance ; but when empty, as represented upon the opposite side of 
the same figure (e), each is found to be a simple blind canal with saccu- 
lated walls, opening externally by an orifice g) through which the ova 
are expelled into the egg-sacs, where their development is completed. 

(1098.) It would seem that, even when the eggs are hatched, the 
excluded young arc far from having attained their perfect or adult form, 
but undergo at least two preparatory changes or metamorphoses, during 
which they become possessed of external organs so totally different from 
those they were furnished with on leaving the egg, that it would bo 
diflicult to imagine them to be merely different states of existence 
tlirough which the same animal passes. 

(1099.) On first quitting the egg, the young Achtheres is, in fact, by 
no means adapted to the parasitical life to which it is subsequently 
destined — ^i)osse8sing no organs of prehension like those of the adult, 
but merely two pairs of swimmjng-feet, each armed with a brush of 
minute hairs, and calculated to propel it through the water. Before, 
however, the first change is effected, another set of feet may be per- 
ceived through the transparent external covering, encased, as it were, 
in the first ; when these are completely formed, the original skin fulls 
off, displaying, in addition to the two now pairs of swimming-feet, three 
pairs adapted to prehension ; and it is only when the second set of feet 
is thrown off in a similar manner that the animal assumes its perfect or 
mature form. 

(1100.) In Layyiproglena pulcheUa we have a still more decided 
exemplification of the Cnistacean type of ‘stnicturo, and the rudimentary 
feet, arranged in symmetrical pairs, are as numerous as the segments of 
the body. The limbs, however, are as yet only adapted to secure a fiiTu 
hold upon the stnicturcs whcrcunto this parasite attaches itself, namely 
the gills of the Chub {Cyprimis Jeses), in which situation it is most 
usually found. The t\vo anterior pafrs (fig. 222, h, c) are far more largely 
developed than those which are placed upon the posterior parts of the 
animal, and are apparently strengthened by a cruciform cartilaginous 
framework, seen through the transparent integument. The first pair 
of these* holding- feet consist of two robust and powerful hooks, termi- 
nated by simple homy points ; w'hilst the second, which arc likewise 
unciform, terminate in trifid prongs, and arc evidently equally adapted 
to prehension. The four pairs of members that succeed to these are 
mere nidimcnts, and can be of little service as organs of attachment ; 
but, to make up for their imperfection, we find at the posterior extre- 
mity of the body, between the orifices of the ovaria (g), a pair of carti- 
laginous suckers, well calculated to fix this part of the animal. 
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(1101.) The muscular system is reaMy seenthrough th6 traxisparent 
skin; four longitudinal bands are visible (d), running firo& one end to 
the other ; and, besides these, broad transverse 
fasciculi are discernible in the fifth and sixth 222. 

segments of the body. From the nature of the 
feet, however, and general structure of the 
creature, wo must imagine the existence of 
muscles provided for the movements of each 
articulated member, although, from their ex- 
treme minuteness, they escape detection. 

(1102.) The opening of the mouth is placed 
in the centre of the space bounded by the four 
anterior prehensile hooks ; and the alimentary 
canal is a simple tube passing straight through 
the body to the tail, where the anal orifice is 
distinguishable. The walls of the intestine have 
a reticulated appearance, being covered with a 
kind of glandular network, that probably con- 
stitutes a bniary apparatus. , 

(1103.) In a creature thus highly organized 
wo may well expect to find senses of propor- 
tionate perfection ; and in Lamproglem their 
existence is no longer doubtful. The eyes are 
distinctly apparent, of a reddish colour ; but, as 
yet, as in the lowest Crustaceans, united into 
one mass. The antennoo likewise, which may lamprogiena puicheiia. 
be regarded as special instruments of touch, are 
well developed, and, both in number and position, resemble those that 
characterize the Crustacean orders, to which we are thus conducted by 
almost imperceptible gradations. 

(1104.) The reproductive organs are entirely similar to those of 
Aclitliercs, already described. Those of the female, represented in the 
figure, consist of sacciform ovaria, wherein the ova are secreted ; and 
from these, when mature, the eggs are expelled through two simple 
triangular orifices situated oif each side of the anus. 

(1105.) One of the most singular and anomalous forms of the 
Epizoa is found in the Nicothoe Astad, a creature met with in great 
abundance at certain seasons, attached to the gills of the Ijobster, 
from which it derives its supply of nourishment. This remarkable 
animal (fig. 223), which is free, and gifted with energetic powers of 
locomotion during the first periods of its existence, and constructed, 
at its first appearance from the egg, in perfect accordance with the 
normal type belonging to its class, ultimately selects for its domicile the 
branchial chamber of a Lobster, where, fixing itself permanently to the 
branchial lamellm, it undergoes a complete metamoi|)hosis ; its external 
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form is entirely changed ; its senses, and means of relation with the ex- 
ternal world, become atrophied ; singularly-formed excrescences sprout 


Fig. 223. 



N'-?othofc‘ Astaci. 


from its sides ; and thus transformed, it is content to live beneath the 
shell of the Lobster, without further intercourse with the external world 
than is necessary to supply it with the blood which it sucks for food. 

(1 lOG.) The mouth of the Nicothoe is a sort of membranous proboscis, 
armed near its extremity with styliform points, with which it is enabled 
to pierce the branchial membrane. Instead of the ordinary more or 
less Ilexuous tube which constitutes the alimentary canal in other forms 
of Entoinostraca, the digestive apparatus of Nicothoe consists of two 
wide sacculi, united together in the median line, in the shape of a horse- 
shoe, from the centre of which a narrow canal proceeds towards the 
mouth, constituting the oesophagus (fig. 223, 6), whilst, derived from 
the opposite side, another tube of similar calibre runs backwards to 
the termination of the tail, forming the^intestine (c). The stomach, 
therefore, is constituted by the two great lateral cajca (^, A), in the inte- 
rior of which alimentary substances undergo their principal modifica- 
tions ; so that these caeca are evidently analogous to what will be ob- 
served in the Pycnogonidas (§ 1112), with this difference, that in those 
animals the ca)ca have penetrated into the interior of the ambulatory 
claws. The thickness of the walls of these stomachal caeca is uniform 
throughout; they are exceedingly delicate, only exhibiting in their 
texture some small reddish cells, and arc apparently connected to the 
parietes of the body, in which they arc loosely suspended by delicate 
muscular fraena. 

(1107.) One very remarkable circimistancc presented by the alimentary 
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apparatus of Nlcothoe is the peristaltic action of its parictes, which is 
continued even after its removal from the body, and which here is evi- 
dently in relation with the phlehmterhm” exhibited in the arrange- 
ment of the digestive system. No proper respiratory organs exist in 
these simply-organized beings ; the diffusion of the blood through the 
inteiior of the body, subservient alike to respiration and nutrition, 
seems to be entirely effected by the contractions of the intestinal 
walls ; and the proper chylific viscera themselves perform the duties 
of the lacteal, circulatory, and respiratory apparatus of the higher 
animals. 

(1108.) As is the case with the generality of the Lemeans, the male 
of the Nicothoe was, until recently, imknown to naturalists — a circum- 
stance attributable to two causes: in the first place, the individuals 
of the male sex are very diminutive in all the genera belonging to this 
group, insomuch that from their size they seem rather like parasites on 
the female ; and secondly, because in some of them, which have been 
more particularly studied, a phenomenon is observable analogous with 
what occurs in the Aphides among insects — there occur whole genera- 
tions of fertile females, and most probgibly, also, gemmiparous (nursing) 
races, during a certain portion of the year, as is the case with lAmruidia* 
and Baphma^ (§ 1072). H % 

(1109.) The male of Nicothoe is represented in fig. 223, 2, magnified 
in the same proportion as the female. The generative apparatus of the 
female is largely developed : it is situated principally in the lateral ap- 
pendages of the body, of which it occupies a considerable part, being 
lodged by the side of the digestive caeca. The ovarium (fig. 223, 1, h) is 
very irregular in its shape ; anteriorly it is bifurcate, and its whole 
surface has a sacculated appearance. The oviducts (?) become conjoined 
near the mesial line, and then bend downwards to terminate at the 
vulva. These canals are frequently filled with ova throughout their 
whole length. From the oviducts the eggs pass directly into the enor- 
mous ovisacs (/), suspended from each side of the caudal portion of the 
body, between the lateral appendages, in which they are contained imtil 
sufficiently mature for exclusion, when the ovisac, bursting, gives issue 
to hundreds of minute Nicothoes hatched in its interior. 

(1110.) On emerging from its prison this little creature is exceedingly 
active, and presents exactly the form of a Cyclops (fig. 223, 3) ; neither 
would any one ever suspect it to be the same creature which vegetates 
upon the branchisB of the Lobster. However, no sooner has it fixed 
itself in that situation than its body begins to swell out laterally, in the 
shape of two tubercles that sprout from the sides of the body just 
beliind the third thoracic segment, into which the viscera are seen to 
penetrate ; and as these tubercles enlarge, the animal becomes gradually 

* Vide Ad. Brongniart, “ Mdm. but le Limnadia,” M6m. dii Mus. 1820. 

t Straus-Durckheim,. “ M6m. sur le Baphnia,” Mdm. du Mus. 1820. 
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provided with those enormous aliform appendages that arc so cha- 
racteristic of the female adult Nicothol^ 

(1111.) Pycnogonid^e. — In the PycnogonidoG*, the aperture of the 
mouth is found at the extremity of the tubular proboscis which projects 
from the anterior part of the body of these remarkably- constructed 
animals, and which, from its general conformation, certainly reminds 
us more of the Acaridiform Arachnidans than of the Crustacean type of 
structure. The oesophagus is an extremely delicate and slender canal 
which passes directly backwards into the cephalothorax, where it at 
once expands into a central digestive cavity or stomach which occupies 
the centre of the body, and terminates posteriorly in a very narrow and 
rudimentary intestine. 

(1112.) From the circumference of the stomach are given off ten long 
caeca, the disposition of which is remarkable : of these, the two anterior 
are prolonged forwards to the pincer-like rudimentary foot-jaws or palpi, 
into the interior of which they penetrate for some distance ; while the 
remaining four pairs, which are of great length, are continued in a 
similar manner into the locomotive or thoracic legs, extending almost to 
the end of the antepenultimate joint. The anal orifice of the intestine 
is situated, as usual, at the extremity of the very rudimentary abdomen. 

(111^.) When distended with^fluid, these emea may bo observed to 
become constricted opposite to each articulation of the limb. Their 
stracture is exceedingly simple ; indeed, they seem to consist of a very 
tliin diaphanous membrane, in which no trace of fibre is distinguishable, 
but which externally seems to bo crusted over with a granular opake 
substance, sometimes presenting a violet or yellowish tint. These 
granulations are more thinly scattered over the stomach than over the 
caeca, and upon the intestine they are wanting altogether. The whole 
of this digestive apparatus, notwithstanding that its walls contain no 
perceptible fibres, is contractile, and floats freely in the general cavity of 
the body, being only retained in situ by a few delicate frsena ; its dif- 
ferent parts may be observed to have alternate movements of contraction 
and dilatation, driving, in imdulations, first in one direction and then in 
another, the liquid which they contain. This liquid, which is quite 
transparent, hurries along with the materials in process of digestion. 
These generally present themselves under the appearance of roundish or 
ovoid masses, about -gi^th of a millimetre in diameter, smooth and entirely 
without granulations during the earlier period of the digestive process ; 
but as digestion advances, they may be seen to become decomposed into 
roundish granules that powerfully refract the light, and which are 
scarcely ^j^th of a millimetre in size. The fmces seen in the intestine 
are entirely made up of these granules irregularly agglomerated toge- 
ther ; and it is rare to find among them any traces of alimentary sub- 
stances which are not entirely decomposed. 

Vide M. de Quatrefagos, Ann. dcs Sci. Nat. 1844, iv. p. 72. 



PYCNOaONID^E. 


431 


(1 1 1 4). It lias been stated above, that all that portion of the alimen- 
tary canahvbich intervenes between the oesophagus and the intestine is 
free, and floating loosely in the general thoracic cavity, which cavity is 
prolonged into the limbs extending beyond the terminations of the 
caeca ; and in this cavity it is easy to distinguish the muscles subser- 
vient to locomotion, and which, more especially in the limbs, lino, as it 
were, aU the interior of the different joints, so that the digestive appa- 
ratus is evidcmtly lodged in a great heuna or cavity which occupies the 
entire thorax, and is prolonged into tho claws. This lacuna is filled up 
with a transparent fluid, in which may be distinguished a great number 
of irregular transparent corpuscles, which appear to consist of agglome- 
rations of smaller globules. The fluid is constantly agitated with irre- 
gular movements backwards and forwards, which are determined by tho 
general movements of the animal, or by the alternate contractions and 
dilatations of the stomach and caeca, and which constitute all the circu- 
lation which is discernible in these creatures. No organ is detectible 
specially appropriated to this function ; heart and blood-vessels are alike 
wanting, the great lacuna above described taking tho place of both, 
since tho fluid which it contains is evidently tho representative of the 
blood, or, rather, it is tho blood itself. Neither are there any special 
organs appropriated to respiration, which is here evidently carried on by 
tho general surface of the body, as we Imve found it to be in many^of tho 
Entomostracous Crustaceans. 

(1115.) Tho remarkable disposition of tho alimentary canal so con- 
spicuous in the Pycnogonida), and which exists, to a greater or less 
extent, among the inferior tribes of various classes of animals, has been 
named by M.de Quatrefagos ^^plilehenterismy^ from tho circumstance that 
in the instance above given, and in many similarly-organized creatures, 
tho intestinal ramifications supersede, to a greater or less extent, the 
functions of the circulatory, respiratory, and chyliferous systems of tho 
higher animals. 

(lllfl.) The nervous system of tho Pycnogonid® consists of a thoracic 
chain of ganglia, from which are derived tho nerves supplying tho 
limbs, and of a supra-oesophageal mass, giving off tho optic nerves to 
form tho minute ocelli that constitute the visual organs of these extra- 
ordinary creatures. 
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CHAPTER XV. 

ROTIFEEA* (Ehrenberg). 


( 1117 .) The class of animals that next presents itself for our con- 
sideration was, until very recently, confounded with the chaotic assem- 
blage of minute creatures to which the name of Infusorial Animalcules 
was indiscriminately applied ; but the information at present in our pos- 
session concerning their internal structure and general economy, while 
it exhibits in a striking manner the assiduity of modem observers and 
tho licrfoction of our means of exploring microscopic subjects, enables 
us satisfactorily to define the limits of this interesting group of beings, 
and assign to them tho 

elevated rank in tho scale ^iff- 224. 


of zoological classification 
to which, from their supe- 
rior organization, they arc 
entitled. 

(1118.) The character 
whence the class obtains 
its name is derived from 
the peculiar organs placed 
upon the anterior part of 
tho body, which are sub- 
servient to locomotion, and 
assist in the prehension 
of food. Those consist of 
circlets of cilia variously 
disposed in tho neighbour- 
hood of tho mouth, and 
having, when in action, tho 
appearance of wheels spin- 
ning round with great ra- 
pidity, so as to produce 
strong currents in the 
surrounding water. 

(1119.) Tho annexed 
engraving of the Stephana- 
ceros Eichhomiif (fig. 224) 



Slephanoeerog Eichhornii (after Ehrenberg) : a, phaiynx ; 
b, Btomschal cavity ; c, ova contained in the ovaiy ; d, re- 
tractile muscle; e, gizzard, containing tho masticatory 
apparatus; f, rotatory organs, resc'mbling those of a 
Bryozoon. 


exhibits an animal that would seem to bo one of the connecting links by 


* Bota, a wheel ; fero, I bear. 


t Ehrenberg. 
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which the transition from the Artictjlata to the Mollusca is accom- 
plished ; the transparent cell, and ciliated tentaciila around the mouth, 
would indicate this creature to be a Beyozoon, to be described hereafter ; 
but the tentacula are visibly stunted and thickened at their base, thus 
approximating in character to the dlia-bearing lobes of a Rotifer, while 
the internal organs (the pharynx, gizzard, and stomach) conform exactly 
to the type of structure common to the Botifera. 

(1120.) The body of the Wheel- Animalcules is enclosed in a delicate 
transparent envelope of con- 
siderable consistency, often 
terminating at the upper ex- 
tremity in wavy indentations 
and tooth-like processes, as in 
Brachionus ureeolaris (fig. 

225, c c). This harder inte- 
gument is so constructed as to 
allow the animals to move at 
largo in the element they in- 
habit. Continuous with the 
free margin of the shell is a 
delicate membrane connecting 
it with the bases of the cilia- 
bcaring lobes around the 
mouth, so as to allow those 
organs, when not in use, to bo 
retracted within the cell. 

(1121.) To the posterior 
extremity of the body is gene- 
rally appended a pair of for- 
ceps, composed of two move- 
able pieces (figs. 225 & 230), 
used as anchors, or instruments 
of prehension ; and by means 
of those the little creatures 
fix themselves to the Confcrvse 
or aquatic plants amongst 
which they are usually found./ 

In Brachionus ureeolaris the prehensile forceps (fig. 225, p) is attached 
to the extremity of a long flexible tail (e), wherein the muscular fibres 
destined for its motions aro distinctly visible. 

(1122.) The cilia, whose action produces the appearance of wheels 
turning upon the anterior part of the body ; are variously disposed ; and 
from their arrangement Ehrenberg * has derived the characters whereon 

* Abhandl ungen der Koniglichcn Akademic der Wissenschaften zu Berlin for 
1833. 

2r 


Fig. 225. . 



Brachionus ureeolaris (after Ehrenberg) : a, 6, c, 
rotatory apparatus and marginal teeth of the shell ; 
d, “ calcar,” or tubular prolongation of the shell, 
communicating with the visceral cavity; c, oeiili- 
form spot ; f, gizzard with its enclosed masticatory 
apparatus; ff, stomachal cavity; h h, ceecal append- 
ages to the stomach ; i, common outlet ; I, lateral 
canals, to which the vibratory organs arc attached 
m, contractile vesicle ; w, ovaries ; o, flexible tail, in 
which the muscular bands are distinguishable; p, 
terminal forceps. 
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he bases the division of the class into orders. The peculiar movements 
excited by the vibration of these organs was long a puzzle to the earlier 
microscopic observers, who, imagining them to be really wheels turning 
round with great velocity, were utterly unable to conceive what could 
be the nature of the connexion between such appendages and the body 
of the animal. The apparent rotation has, however, been long proved to 
be an optical delusion, and to be produced by the progressive undulations 
of the cilia placed in the neighbourhood of the mouth. 

(1123.) With respect to the agents employed in producing the ciliary 
movement in the liotifora, we are as much in ignorance as wo are con- 
cerning the cause of the same phenomenon in the Polygastrica. Ehren- 
berg describes the cilia as arising from a series of lobes, as represented 
in Notommata davulata (fig. 230, a) ; these he regards as being mus- 
cular, and capable of producing by their contractions the rapid vibra- 
tions of the fibrilla) attached to them. Wo confess, however, that such 
lobes, even were their existence constant, seem very clumsy instruments 
for effecting the purpose assigned to them ; and it is not easy to conceive 
how the rajiid and consecutive undulations, to which the appearance of 
rotation is due, can bo produced bj organs of this description. 

(1124.) The observations of Dr. Arthur Farre* concerning the ciliary 
movements appear best calculated to throw light upon the nature of the 
action of these wonderful appendages, and to explain the cause of the 
apparent rotatory motion of the so-called wheels of the Kotifera. The 
very accurate observer alluded to remarks that, under high powers, the 
cilia have the appearance of moving in waves, in the production of each 
of which from a dozen to twenty cilia are concerned, the highest point 
of each wave being formed by a cilium extended to its full length, and 
the lowest point between every two waves by one folded down com- 
pletely upon itself, the intervening space being completed by others in 
every degree of extension, so as to present something of the outline of a 
cone. As the persistence of each cilium in any one of these positions is 
of the shortest possible duration, and each takes up in regular succession 
the action of the adjoining one, that cilium wliich, by being completely 
folded up, formed the lowest point between any two waves, in its turn 
by its complete extension forms the highest point of a wave ; and thus, 
while the cilia arc alternately bending and unbending themselves, each 
in regular succession after the other, the wewes only travel onward, 
whilst the cilia never change their position in this direction, having, in 
fact, no lateral motion. 

(1125.) The whole of the ciliary movements are so evidently under 
the control of the animal as to leave not the slightest doubt in the mind 
of the observer upon this point. The whole fringe of cilia may be 
instantly set in motion and as instantaneously stopped, or their action 
regulated to every degree of rapidity. Sometimes one or two only of 
* Phil. Trans, for 1837. 
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the waves are seen continuing their action, whilst the remainder are at 
rest ; or isolated cilia may be observed slowly bending and unbending 
themselves, while the others are quiescent. It is by the constant 
succession of these movements that the eye is seduced to follow the 
waves which they seem to produce, and thus the appar< nt rotation of the 
wheels is easily understood. 

(1126.) M. Dujardin’s explanation of this phenomenon is based upon 
the fact, that if equal and parallel lines placed at equal distances from 
each other become bent at regular intervals, so as to overlap the neigh- 
bouring lines, they produce dark intersections somewhat resembling the 
teeth of a saw, instead of a uniform surface (fig. 226). In this manner 
Fig. 220. 



the vibratile cilia, being arranged parallel to each other and separated 
by similar interspaces, would equally intercept the light, so that none 
would appear more conspicuous than others ; but if, in consequence of 
a general movement propagated along such a row of cilia, some of them, 
by being momentarily bent down, are placed in juxtaposition with the 
neighbouring cilia, the light being more intercepted, a darker or more 
obscure line will be the consequence. It is easy, then, to conceive that, 
when all the cilia thus bend themselves in regular succession, numerous 
intersections of tliis kind will occur, apparently progressively advancing 
in the direction of the propagation of the movement ; consequently, if 
each of these intersections whilst in motion preserves the same form, as 
being formed by tlie same number of equal lines the inclination of 
which is similar as respects each other, it will give to the eye the 
appearance of a solid body of a definite shape, such as the teeth of a 
saw, or of a wheel in uniform movement. In this way it is easy to 
understand how the circular rows of cilia in the liotifera produce the 
appearance of a dentated wheel in motion*. 

* To render intelligible the production of tliis wheel-liko appearance by ciliary 
movement, we annex M. Dujardin’s iSgure representing the position of a row of cilia 
at a given moment. In this, it is to be supposed that the straight cilia, which are 
parallel and equidistant from each other, are susceptible of successive oscillations, 
like the cilium a b, the first of the series, — each capable of describing by a uniform 
movement the angle B A c, of which the apex is at the point of attachment, by 
changing its position from the perpendicular, A b, till it attains the position A c, and 

2f2 
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(1127.) Such being, as wc conceive, the nature of the ciliary motion, 
we will proceed to examine the uses to which it is made subservient in 
the class of animals under consideration. A very slight examination of 
one of these creatures under the microscope will show that the cilia 
answer a double purpose : if the Rotifer fixes itself to some stationary 
object by means of the anal forceps, the ciliary action, by producing 
currents in the water all directed towards the oral orifice, ensures a 
copious supply of food, by hurrying to the mouth whatever minute 
aliment may be brought within the range of the vortex thus caused ; or, 
on the other hand, if the animal disengages itself from the substance 
to which it held by its curious anchor, the wheels, acting upon the 
principle of the paddles of a steamboat, carry it rapidly along with an 
equable and gliding movement. 

(1 128.) The whole ciliary apparatus, when not in use, is retracted 
within the orifice of the shell, and lodged in a kind of sheath formed 
for it by the inversion of the togumentary membrane. The muscular 
fasciculi by which this is effected are very conspicuous; they arise 
from the lining membrane of the shell, and run in distinct fasciculi in 
a longitudinal direction, to bo inserted into the lobules whereon the cilia 
are arranged (fig. 230, m m). 

(1129.) But, besides these retractor muscles, other fasciculi of mus- 
cular fibres are distinctly seen to run transversely, crossing the former 
at right angles : these are, most probably, the agents provided for the 
extrusion of the wheel-like apparatus ; for, arising, as they do, from the 
inner membrane of the hard integument, they will, by their contraction, 
compress the fluid in which the viscera float, and, forcing it outward 

then returning with the same rapidity of motion to its first condition, A n, repeating 
continnally similar movements in hotli directions. Now, as the other cilia of the 
series only commence this movement one after the other, each being in advance of 
the preceding one on the left hand by a fourteenth part of the space occupied by the 
entire wave, and the same distance from that which succeeds it on the right hand, at 
every fourteenth interval the cilia present themselves in the same state of flexure, 
and a row of cilia in motion presents, for the instant, the appearance represented in 
the figure, in which, at spaces of from fourteen to fifteen cilia, there is a shaded inter- 
section, which advances with a uniform movement from left to right as each cilium 
successively assumes the position of that which follows it on the right-hand side. 

Suppose, now, the duration of each oscillation divided into fourteen instants, a 
given cilium will occupy successively the positions a b, or a o, a m, a w, a /, a a e, 
A h, A c, in the space bac, during the first half of the oscillation, the movement 
taking place from left to right. The other positions during the second half of the 
oscillation, the movement being from right to left, are, Ag, Kf, ke, a d, kc, x h, a a, 
— ^the position a a' being the same as A b, or a o, constituting the limit of tlic second 
lialf of that oscillation and the commencement of a new one. 

In tliis manner the intersections, having the appearance of the teeth of a saw, will 
appear to advance with a uniform motion in the direction of the movement of oscil- 
lation, giving the appearance of a chain or row of pearls in motion in the case of a 

rectilinear row of cilia, or of a toothed wheel if the cilia are disposed in a eircle. 

Vide Dujardin, Hist. nat. des Infusoires. 
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towards tho orifice of the shell, it will, of course, push before it the 
wheels, so as to overt tho tegumentary membrane connecting them Math 
the shell, by unrolling it like tho linger of a glove, and thus causing tho 
rotatory organs to protrude at the pleasure of the animal. 

(1130.) Wo have already described the means whereby tho llotifera 
procure a supply of food, namely by exciting currents in the surround- 
ing water ; the materials so obtained pass at once into a pharynx, the 
relative capacity of which varies considerably in different species ; from 
the pharyngeal receptacle it is convoyed into a singularly-constructed 
gizzard, to be bruised and broken down by an apparatus provided for 
that purpose ; thus prepared, it is allowed to enter a third cavity, 
wherein digestion is accomplished, which may be called the stomach, 
and this, after becoming gradually constricted in its diameter, terminates 
at the caudal extremity of the body. 

(1131.) The usual arrangement of the digestive apparatus will be 
readily understood on reference to the annexed figures ; thus, in Stqtha- 
noceros Eichhornii (fig. 224), tho pharynx (a) is very capacious, receiving 
readily the materials brought into it by the ciliated arms ; the gizzard 
{e) is a small globular viscus, containing the instruments of mastication, 
hereafter to bo noticed ; while the digestive cavity properly so called 
(6), which presents no perceptible dinsion into stomach and i^estine, 
extends from the gizzard to the anal aperture. 

(1132.) In Brackionus urceolam (fig. 225) the pharynx or oesophagus 
(e) is less capacious; the gizzard (/) exhibits through its transparent 
coats the peculiar dental organs placed within it ; and the stomach {g) 
is seen partially folded upon itself by the retraction of tho body. We 
observe, moreover, in this animal, appended to tho commencement of 
the stomach, two large caecal appendages {h /t), which were scarcely per- 
ceptible in the last figure, and which, no doubt, are of a glandular 
nature, furnishing some fluid to bo mixed up with the bruised aliment 
contained in the stomach, to assist in the digestive process. To these 
secreting caeca, Ehrenborg has chosen to give the name of pancreas ; 
but for what reason it is difficult to conjecture, since tho first rudiments 
of a pancreas are only met with in animals far higher in the scale of 
animal existence ; every analogy, indeed, would lead us to denominate 
these caeca the fii’st rudiments of a liver — by far the most important and 
universal of the glandular organs subservient to digestion, and in a 
variety of creatures we shall afterwards find it presenting equal sim- 
plicity of structure. In the Notommaia centrum the caeca are merely 
two pouches opening into the top of the stomach, whereas in Notommata 
clavulaia there are six of these appendages (fig. 230, e e) communicating 
mth that enlarged portion of the digestive canal (c) which may bo 
looked upon as the proper stomach. 

(1133.) We must now revert to the consideration of the dental 
apparatus contained in the gizzard, represented in situ in fig, 225, fy and 
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exhibited on a still larger scale in fig. 228. This curious masticating 
instrument consists of three distinct pieces, or teeth, which are made to 
work upon each other by the contractions of the gizzard, so as to tear 
in pieces or bruise all matters 
made to pass through the cavity 
containing them. The central 
piece (fig.225,/) maybe compared 
to an anvil, presenting on its upper 
surface two flattened facets ; and 
upon these the other two teeth 
(that might, without much stretch 
of fancy, bo compared to two ham- 
mers) act. Each of the superior 
teeth may be described as con- 
sisting of two portions united at 
an angle ; the larger portion, or 
handle as it might be called, serves 
for the attachment of muscles; 
whilst the other part is free in the 
cavity of the gizzard, and works 
upon the facets of the anvil, the^ 
edge being apparently divided into' 
teeth resembling those of a comb, 
and evidently adapted to bruise or 
tear substances submitted to their 
action. Such is the transparency 
of the whole animal, that the effect 
of these remarkable organs upon 
the ammalcules used as food is distinctly visible under a good micro- 
scope ; and if the Rotifer be compressed between two pieces of glass, so 
as to break down the soft textures of its body, the teeth may, from their 
hardness, be procured in a detached state for minute examination. The 
whole apparatus described above evidently resembles very closely the 
kind of stomach met with in the Crustacea, to which the Rotifera will 
be found graduaRy to approximate. 

(1134.) In Melicerta ringens the alimontarj" canal commences with a 
small oval orifice situated near the sinuated disk formed by the rotatory 
organs. It opens into an oesophagus that conducts the food down to 
the gastric teeth (fig. 227, 1, e). These, according to ProfessorWiUiam- 
son’s very excellent memoir upon the subject*, are implanted in a large 
conglobate cellular mass, which completely invests them. Their appear- 
ance, when highly magnified, is accurately represented in fig. 228; they 
consist of two essential portions — a pair of strong crushing plates, which 
bruise the food, and various appendages affording leverage and facili- 
* Quarterly Journal of Microscopical Science, vol. i. p. 1. 


Melicerta ringene (aftur Prof. WillianxBon) : 
a a, ciliated lobes, constitutinj:' the rotatory 
apparatus; 6, hooks, called by SchHJGTer **thu 
lips;’' <?, rotatory flap, or “pellet-cup" 
(Glosse) ; d d, tentacular organs ; e, gizzard, con- 
taining the gastric teeth ; /, upper stomachal 
cavity; g, inferior stomachal cavity; h, anal 
outlet; i, protuberance occasioned by the act 
of defecation; k, ovary; I, dilated oviduct; 
w, filamentary spermatic tube (P) ; n«, mus- 
cles of caudal appendage ; o, prehensile organ ; 
p p, corpuscles floating in the perivisceral 
fluid; qq, ova nearly ready for expulsion. 
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Gastric dental apparatus of 
Melic^a ringent* a a, drushing 
plates; hh, co, later^ frame- 
work ; dt handle-like processes ; 
e, central fixed point. (After 
Prof. Williamson.) 


tating the action of the muscles upon them. The crushers are two 
broad elongated plates (fig. 228, a), each being about -g^th of an inch 
long, and separated from each other at the mesial line, near which they 
become much thickened. From each of those plates there proceed late- 
rally numerous parallel bars (fig. 228, 6&), 
all of which arc somewhat thickened at 228. 

their inner extremities, where they are at- 

tached to the plates, whilst at their oppo- s 

site ends they are united with the others of i j ] 

the same side by a curved connecting bar 
(fig. 228, c c), from the outer sides of which 
are given olf various loops and processes. 

The three uppermost of these bars are the Gastric dental apparatus of 
largest, the rest gradually diminishing in crushing 

size as well as strength, nil the inferior ones work; d,handlc-like processes; 
become almost invisible. 

(1135.) From the upper extremities of the 
two crushers there project upwards and backwards two slender pro- 
longations (fig. 228, d)f which are united by a sort of double hinge 
near this apex, where they not only play upon each other, but also on a 
small central fixed point (fig. 228, e) lodged in a little conglol^to cel- 
lular mass. Ehrenberg only describes three transverse bars on each 
side, which he regards as teeth ; it is obvious that he has only noticed 
the three upper and larger pairs. It is equally evident that these 
transverse teeth, as he terms them, do not move upon the strong longi- 
tudinal plates, as ho imagines, but are firmly united with them. Muscles 
are either attached to the divergent peripheral processes, or to the 
cellular mass in which these processes are imbedded, causing the entire 
apparatus to separate along the mesial line by means of the hinge- 
joint (fig. 228, e), the so-called teeth merely transmitting the motor 
force to the two longitudinal plates. These latter appendages arc thus 
made to play upon each other with great power, and to act as efficient 
crushers, bruising the food before it passes into the stomach, as is the 
case with the gastric teeth of the Crustacea. 

(1136.) From the above remarks it will be seen that, though in its 
construction the dental apparatus is more complex than is represented 
by Ehrenberg, in its mode of working it is loss so. The conglobate 
organ in which this apparatus is imbedded is transparent, and composed 
of numerous large cells, each of wliich contains a beautiful nucleus with 
its nucleolus. The cells are only seen when the organ is raptured be- 
tween two plates of glass, when they readily separate from one another ; 
but the nuclei, with their contained nucleoli, are distinctly visible in 
the living animal. Delicate muscular threads most probably penetrate 
this organ to reach the dental apparatus ; but Professor Williamson has 
hitherto been unable to detect their presence satisfactorily. 
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(1137.) After passing the dental organs, the food enters an elongiited 
stomach (fig. 227, 1,/) with very thick pulpy parietes. In young 
examples these walls are colourless and transparent, but in more ma- 
tured specimens they exhibit a bright-olive hue. The whole cavity, as 
well as the oesophagus leading to it, is lined with cilia that are con- 
stantly playing. On rupturing this organ, it is seen to bo composed of a 
thin pellucid external membrane, exhibiting no distinct structure, but 
within which is a thick layer of largo, tinged epithelial cells. These 
are easily detached from the membrane, when each one is seen to be 
spherical, containing numerous yellow granules, and very often a nucleus 
with its nucleolus. The cilia are attached to one side of these cells, 
the great length of the former constituting the most marked feature of 
this arrangement ; it often, indeed, equals the entire diameter of the 
cell. Some of the colls exhibit no cilia, others are only furnished with 
them on one side, while a few appear to be fringed with them through- 
out their entire circumference. Professor Williamson supposes that in 
the latter case the cells have projected considerably into the cavity of 
the stomach. The yellow granules are absent from those of young 
animals, showing clearly that it is these contained granules that give 
the colour to the parietes of the stomach. 

(1138.) This stomach appears to he chiefly a receptacle for the food. 
Prom tSno to time, especially when the viscus is distended, portions 
of its contents pass down into a lower stomach (fig. 227, 1, (/), which 
is separated from the upper one by a marked but varying constriction. 
The second stomach is also lined with cilia even larger than those of the 
upper viscus ; hut the parietes are very much thinner and more trans- 
parent, the cells being less easily traced. The diameter of the organ is 
nearly the same in each direction, so that it is almost spherical. The 
mass of food with which it is usually distended is constantly revolving, 
the motion being due to ciliary action. This process goes on for some 
minutes, after which the creature contracts its body and forces the en- 
tire contents out of this viscus into a long narrow cloaca that terminates 
externally by an anal outlet (fig. 227, 1, h). As it does this, it everts 
a considerable portion of the cloaca, thus almost bringing the cloacal 
outlet of the stomach to the exterior, and causing at the same time a 
large transparent protuberance (fig. 227, 1, i) to bo developed on the 
corresponding side of its body. At other times the creature can draw 
in these appendages, so that scarcely any trace of a cloacal canal is 
visible. 

(1139.) Notwithstanding the microscopic size of the Rotifera, and 
the consequent difficulty of detecting the more minute details of their 
structure, Ehrenberg thinks he has succeeded in discovering filamentary 
nerves, and nervous masses, distributed in different parts of their body, — 
an arrangement which not only would account for the complete asso- 
ciation of their voluntary movements, but, from the presence of ganglia, 
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would render thesje animals capable of possessing some of the local 
senses ; indeed, Ehrenberg imagines he has discovered such to exist in 
the shape of red specks, to which he gives the name of eyes. The organ 
alluded to is a minute red spot, indicated in the figures (figs. 225 and 
230) ; nevertheless no organization has been described of such a nature 
as to entitle us unhesitatingly to designate it an organ of vision, even 
if it should, as ho intimates, invariably be in connexion with a nervous 
mass, which, from examining his drawing of the arrangement of the 
nerves, we should have little expected to be the case. 

(1140.) The nervous system of Notommata elavulatai as described by 
this indefatigable observer, is represented in fig. 230. It would seem 
to consist of several minute nodules 230, t i), exhibiting a some- 
what symmetrical arrangement, and ^^osed apparently in pairs ; some 
of these nodules, which are about ,ten in number, communicate with 
each other by delicate filaments, \^hilst others seem to be quite insulated 
from the rest. 

(1141.) Every one who is apq^iainted with the difiiculty of conducting 
microscopical observations, /specially with the high powers needful in 
detecting structures so ^inute as tl|e nerves of the Rotifera, will be 
exceedingly cautious admitting the complete establishment of facts 
involving important physiological principles; and wo canq^t help 
thinking that El/f'enbcrg has been misled by some appearances which 
it is impossibVfor the most correct observer always to guard against, 
in assigning to the Rotifera an arrangement of the nervous system so 
totally different from what is met with in any other class of aaimals as 
that repr^isented in his figure, from which our engraving has been ac- 
curately Copied. 

(1142.) All our ideas of the physiology of the nerves would lead us to 
suspect some error. The uses of ganglia, as far as we know at present, 
arc either to associate nerves derived from different sources, or to serve 
as centres for perception, or else they arc for the concentration of ner- 
vous energy. The position of the ganglia depicted in the figure as being 
in relation with the nervous threads would scarcely seem to be consistent 
with either of the above offices; and therefore we cannot but regard the 
observations that have been hitherto recorded concerning the nervous 
system of the Rotifera as far from being complete. 

(1143.) Professor Williamson observes that these small organs, which 
are so common amongst the Rotifera, and which Ehrenberg regards as 
nervous gangba, arc abundant in the Melicerta, but they afford no coun- 
tenance to the hypothesis of the great Prussian Professor. They appear 
to be nothing more than small cells or vesicles, formed of granular viscid 
protoplasm, very similar to those into which the yelk of the egg becomes 
divided. Sometimes they float freely in the fluid which distends the 
integument and bathes the viscera ; at others, thin ductile threads pass 
from one vesicle to another, as represented in fig. 229, h, where these 
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objects are delineated as they appeared in one individual, in the clear 
space immediately below the viscera. They differ as widely as possible 
in their size, number, and proportion. So far from being nervous vesicles, 
they appear rather to bo cells modified into a rudimentary form of 


Fig. 229. 



areolar tissue. That they are hollow 
vesicles or cells, very viscous, readily 
cohering, and, owing to this coherence, 
easily drawn out by the movements of 
the various organs to which they arc 
attached, are facts capable of easy 
demonstration. 

(1144.) Leydig conceives the nervous 
system of Ladnularia to consist of, 
first, a ganglion situated behind the 
pharynx, composed of four bipolar cells 
with their processes; secondly, of a 
ganglion at the beginning of the caudal 
prolongation, composed of four larger 
ganglionic cells and their processes. 

The last-mentioned cells are described 
by Prof^sor Huxley as vacuolar thick- 
enings — finding no difference whatever 
between them and the thickenings in 
the disk, which Leydig himself allows to bo mere thickenings. 

(1145.) Professor Huxley^s own view upon the subject is as follows * : 
— On the oral side of the neck of the animal, or, rather, upon the under 
surface of the trochal disk, just where it joins the neck, and therefore 
behind and below the mouth, there is a small hemispherical cavity, which 
seems to have a thickened wall and is richly ciliated within. Below 
this sac, but in contact with its upper edge, is a bilobed homogeneous 


Lower half of the body of Melicerta 
ringem, highly magnified : «, lower 
stomach ; fc, <?, lower portion of ovary 
and oviduct; rf, intestine; e, filamentary 
spermatic tube (P) ; / g g, retractor 
muscles; A, corpuscles swimming in 
the peri-intestinal fluid, regarded by 
Ehrenberg as nervous ganglia. 


mass, which Professor Huxley believes to be the true nervous centre. 

(1146.) On the nuchal region of many species of Rotifers arc two 
remarkable organs (fig. 227, 1, d cQ, which, from their structure, appear 
to perform the office of tentacula, although various uses have been 
assigned to them by different observers. Ehrenberg supposed them to 
be connected with the respiratory functions, while Dujardin compares 
them, with much greater probability, to the antennae and palpi of the 
Entomostracous Crustaceans. In Melkerta ringensf, these organs, when 
fully protruded, are seen to be terminated by a brush of fine divergent 
setae (fig. 227, 2, a), implanted on the convex side of a small deltoid 
body (6) ; from the flat side of this latter appendage there proceeds 
along the interior of the tube, towards the body of the animal, a delicate 
muscular band (c), which by its contractions draws the deltoid body 
backwards, thus inverting the extremity of the tube, and forming a 
* Quarterly Journal of Microscopical Science, no. 1. p. 9. t Williamson, /oc. cit. 



TENTACULA— EESPIRATORY ORGANS. 


443 


double sheath protecting the setae. The whole apparatus, observes 
Professor Williamson, is very similar to that seen in the tentacles of the 
Snail, and appears to constitute rather a tactile than a respiratory organ. 
This is rendert'd the more probable by the fact that, when the animal 
first emerges from its tessellated case, the extremities of these two ten- 
tacles arc the first parts to make their appearance, the two curved 
hooks, named by Schaffer the lips (fig. 227, 1, 6), being the next. The 
setm arc usually half drawn into the inverted tentacle, but they project 
sufficiently forward to constitute delicate organs of touch, supposing the 
deltoid body, into which they 
are implanted, to be endowed 
with sensibility. The animal 
cautiously protrudes these 
tentacles before it venture# to 
unfold its rotatory organs ; but 
it does not direct them from 
side to side, as an insect does 
its antennae. 

(1147.) In addition to the 
elaborate organization de- 
scribed above, the Prussian 
naturalist conceived that ho 
had discovered a vascular 
apparatus, consisting of trans- 
verse vessels (fig. 230, nn), 
in which ho supposed a cir- 
culation of the nutritive fluids 
occurred. But the vascular 
character of the transverse 
striae visible in this position 
is more than doubtful, as there 



seems every reason to suppose 
that the appearance depicted 
in the figure is due to tho 
existence of the transverse 
muscular bands whereby the 


Notommiata clavulnfa (after Ehrenberg) : n, rota- 
tory organs; 6, gizzard; e, stomach; <i d, intestine ; 
e, csBcal appendages to stomaeh ; f, ovary ; <7, con- 
tractile vesiele; hh, lateral tubes, to which are ap- 
pended the vibratory organs ; nn, transverse bands, 
supposed by Ehrenbergto belong to a vascular system. 


extrusion of the rotatoiy apparatus is oflected, analogous to those occu- 
pying a similar situation in the Bryozoa. 

1148.) The mode in which respiration is effected, in the class of 
animals under consideration, has been a subject of much dispute. Some 
have supposed the contact of water, applied to the general surface of the 
body, sufficient for the aeration of tho nutritious juices, especially as its 
constant renewal would be ensured by the ciliaiy movements. Bory St. 
Vincent*, on tho contrary, regarded the rotatory cilia as real gills, re- 


* Diet, des Sci. Nat., art. “ Rotifera.” 
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sembling those of fishes ; and, mistaking the movements of the gizzard 
for the contractions of a heart, conceived these animalcules to bo even 
superior to insects in the organization of their vascular system. Ehren- 
berg, however, thinks that ho has discovered an internal respiratory 
apparatus of a most extraordinary description. In Notommata centrum 
he remarked seven vibrating points on one side, and six on the other, 
attached to two long and undulating viscera, which he elsewhere describc's 
as being the testes of the animal (fig. 225, 1 ) ; the above-mentioned 
points were never at rest, and appeared to be placed in determinate 
positions opposite to each other. Accurate observations, he says, have 
shown each to be a peculiar little organ, provided with a tail resembling 
that of a note in music, and to be thrown into vibration by three little 
vesicles, or folds of their inflated extremity ; these organs floated freely 
in the abdominal cavity by their enlarged pfrtion, while by their tail 
they were attached to the long tubular organ above referred to. 

(1149.) Ehrenberg’s first idea on seeing these organs was that they 
formed a vascular system, executing movements of pulsation ; but he 
now considers them as internal branchim, or organs of respiration, to 
which the external water is freely admitted in the following manner: — 

(1150.) In many species of the Kotifera, wo find, projecting from the 
neck of^the animal, a homy tubular organ, called by Ehrcnberg the 
calcar or spur (fig. 225, d ) : this he at first considered to be the male 
organ of sexual excitement ; but he now regards it as a siphon, or a 
tube of respiration, through which the circumambient water passes freely 
into the cavity of the body. Ho thinks, moreover, that the periodical 
transparency, and the alternate distention and collapse of the animal, 
seen to occur regularly in almost all the Rotifera, are produced by the 
introduction of water into the visceral cavity and its subsequent expul- 
sion therefrom, upon which action tho fluctuations observed in the in- 
terior of the body would therefore depend. The supposition that water 
is injected in this manner into the body seems to bo favoured by other 
appearances : for when tho internal cavity is thus filled, all the viscera 
appear isolated, so that the boundaries of each can be distinctly seen ; 
but when the water is discharged, they approximate each other, their 
limits become confounded, and the external membrane of tho body 
assumes a crumpled appearance. 

(1161.) Upon reviewing the above account of the mode of respiration 
in the Rotifera, we must say that we consider that the office assigned to 
the little organs called branchiao is extremely problematical, especially 
as we have but the most vague intimations concerning the existence of 
a circulating system at aU, much less of such a double circulation carried 
on in arteries and veins as the presence of such organs would infer. 

I presume,” says Ehrenberg, ‘‘that the branchiae possess a vascular 
system ; for when the local contractions occur in tho body of the animal, 
wo see distinctly a certain number of filaments (vessels ?) loose and 
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delicate.” The opinions of the Professor himself concerning the nature 
of the organs which he describes being so indefinite, wo must pause 
before adopting the 2 )hysiological views to which their admission would 
lead — more (‘specially as, from the very fact of the whole visceral cavity 
being perpetually filled with aerated fluid, the existence of any localized 
organs of respiration could hardly be esteemed necessary. 

(1152.) The two lateral bands above mentioned (fig. 225, Z), with 
which are connected the ** trembling gill-like organs” of Ehrenberg, are 
now considered as constituting a peculiar apparatus, distinguished as 
the “ water-vascular system,'*' of which, as they exist in Ladnularia 
socialis, the following description is given by Professor Huxley*. In 
this species there is no contractile sac as in other genera ; but two very 
delicate vessels, about ^ diameter, clear and colour- 

less, arise by a common origin upon the dorsal side of the intestine. 
The vessels separate, and one runs up on each side of the body in the 
direction of the mouth. Arrived at the level of the pharyngeal bulb, 
each vessel divides into three branches : one passes over the pharynx 
and in front of the pharyngeal bulb, and unites with its fellow of the 
opposite side; while the other two ^ pass, one inwards and the other 
outwards, in the space between the two layers of the trochol disk, and 
there terminate as caeca. Besides these, there seemed sometinjps to be 
another branch just below the pancreatic sacs. 

(1153.) A vibratile body is contained in each of the caecal branches, 
and there is likewise one on each side in the transverse connecting 
branch. Two more are contained in each lateral main trunk, one oppo- 
site the pancreatic sacs, and one lower down, making in all five on each 
side. Each of these vibrating bodies is a long cilium (y^^th of an 
inch), attached by one extremity to the side of the vessel, and by the 
other vibrating with a (luick undulatory motion in its cavity, giving rise, 
as Siebold remarks, to an appearance singularly like that of a flickering 
flame. 

(1154.) The last subject that wo have to consider relative to the 
internal economy of the Rotifera is the conformation of their generative 
apparatus, which here assumes a considerable perfection of development. 
The reproductive system is composed apparently of two distinct parts ; 
the one subservient to the formation of the ova, the other destined 
either to furnish some secretion essential to the completion of the egg, 
or, as has been surmised, secreting a fertilizing fluid by which the 
impregnation of the ova is effected prior to their escape from the body. 

(1155.) In Melicerta ringens, as wo learn from Professor William- 
son’s admirable memoir, the ovary is a hollow sac, consisting of a very 
thin pellucid membrane, filled with a viscid granular protoplasm of a 
light-grey colour, in which may be perceived some twenty or thirty 
nuclei, each containing a nucleolus in its interior ; these seem to be 
♦ Quarterly Journal of Microscopical Science, no. 1. p. 6. 
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successively selected for development after the following manner : — One 
of the nuclei situated near the surface of the ovary attracts around it a 
small portion of the granular protoplasm, which becomes detached Irom 
the remaining contents of the ovary. The portion thus specially isolated 
gradually enlarges, assuming at the same time a darker hue, and the 
nucleus slightly enlarges, while its central nucleolus appears to become 
absorbed. When the ovum, thus separated from the ovarian proto- 
plasm, has attained its full size, it becomes invested by a thin shell, 
which is apparently a secretion from its own surface. The ovum being 
thus ready for expulsion (fig. 227, 1, is slowly forced down to the 
lower part of the ovary, and, sweeping round the inferior border of the 
lower stomach, passes through the dilated oviduct (fig. 227, 1, 1) and 
enters the cloaca, whence, by a sudden contraction, it is expelled. 

(1156.) At this point of development the yelk 
consists of a single segment ; but very soon the 
central nucleus becomes drawn out and divides 
into two, this division being followed by a corre- 
sponding segmentation of the yelk. The same 
process is repeated over and ovei; again, until at 
length the yelk becomes converted into a mass of 
minute ^clls. The first trace of further organiza- 
tion which presents itself appears in the form of 
a few freely-moving cilia; these are developed 
at two points, one at ca, fig. 231, 1, which corre- 
sponds with the future head, and the other near 
the centre of the ovum (6), which is destined to 
become the cavity of the stomach ; shortly after 
this appearance of cilia, traces of the dental ap- 
paratus become recognizable, — ^this, again, being 
soon succeeded by the union of the entire mass of 
yelk-cells, and the formation from them of the 
various organs of the animal. The cilia now play very freely, especially 
at the head (a) ; the creature twists itself about in its shell ; and two 
red spots (c c), regarded by Ehrenberg as organs of vision, appear. The 
young animal now bursts its shell, and presents the appearance repre- 
sented in fig. 231, — its whole organization, though obscurely seen, being 
that of the perfect animal, and not of a larval state. 

(1157.) The young Melicorta, when first hatched, is free, and swims 
about actively in the water for a short period, when, attaching itself 
by its caudal extremity to some foreign object, it proceeds to manufac- 
ture for itself a tube for its future residence by means of a most 
remarkable apparatus appointed for the pui’pose. This is the append- 
age called by ProfcssorWilliamson the fifth rotatory flap (fig. 227, 1, c), 
and named by Mr. Gosse* the ov pellet-mpy^ in which the 

* Quarterly Journal of Microscopical Science. 


Fig. 231. 
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minntc masses whereof the tube is formed are prepared. Into this 
cup-like organ foreign particles are continually brought, at the will of 
the animal, by ciliary action, and collected into little pellets, which are 
deposited as quickly as they are completed in successive rows around 
the foot, until a tube is formed of sufficient size for the lodgment of the 
little Kotifer (fig. 231, 2, a, b), 

(1158.) In the remarkable genus Asplanchnia, it has been ascertained 
by Mr. Dalrymple* that these animals are bisexual, and, moreover, 
that the male individual is one of the strangest organisms as yet disco- 
vered. In the female the sexual apparatus is very completely developed, 
consisting of an ovary, an ovisac, vaginal canal, and vulva, tho whole 
being so transparent that the development of the embryo throughout all 
its stages is readily observable, and its progress traced from the time 
of the formation of tho egg to its birth. The eggs are of three kinds : 
the first is of ordinary structure, wherein the formation of tho female 
embryo is easily witnessed while contained in the body of the parent ; 
but towards the latter end of tho season, ova are furnished of a totally 
difiercnt character, which are apparently destined to remain through 
the winter undeveloped until tho foUoydng year. In a third description 
of ovum an cmbiyo may be observed to become developed gradually 
from a germinal vesicle until it begins to assume a definite shiyo and 
independent movement, when we are at once struck with the remarkable 
peculiarities observable in its form, size, and organization ; and this is 
the male, which will require special description. 

(1159.) This male is about ^ths of tho size of tho female, generally 
resembling it in shape, but more flattened at the lower part, or fundus, 
and more prolonged at the side, corresponding to the vaginal opening in 
the female, which in the male presents a similar valvular opening, though 
comparatively smaller in extent. Within this valve is observed a short 
canal, leading to a large spherical bag, which may be distinctly seen to 
bo filled with molecular bodies in a constant tremulous movement. 
From this sac, which Mr. Dalrymplo denominates the sperra-bag,” a 
short but thick rounded body projects into the canal before mentioned 
as leading to the lateral opening ; and around the extremity of this 
projecting process, and even within it to a short distance, is a visible 
ciliary motion, indicating a canal ; on the neck of the sperm-bag is a 
fasciculus of delicate muscular fibres, which are inserted along tho 
commencement of this evident penis, and over tho latter organ the 
membranous sheath is reflected. Muscular bands, arising from the 
tegumentaiy parietes of tho animal, in the vicinity of the valvular open- 
ing, go to be inserted into tho root of the penis, and may bo frequently 
observed drawing it up to the opening, and even extending it beyond 
the body of the animal. Muscles also for the purpose of opening the 
valve, very similar to those employed for the same puiq)oso in tho 
♦ Vide Phil. Trans, for 1849, pis. 33 & 34. 
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female, and the bands which bring the penis forward, clearly show it to 
he an extrusory organ, and to form a complete male apparatus. The 
sperm-bag evidently contains active spermatozoa. 

(1160.) Although Mr. Dalrymple never had an opportunity of ob- 
serving any action beyond the extrusion of the penis, Mr. Brightwell, of 
Norwich*, has observed in seven different instances the direct copulation 
of the two sexes — clearly demonstrating this important fact, and thus 
establishing the dioecious character of this remarkable family. 

(1161.) But there is’ another circumstance connected with these 
Eotifers, almost without parallel in the animal crea^on. The male, as 
has been said, possesses the same general figure as the female ; it has 
also the contractile cloacal cavity, named by Mr. Dalrymple ** the respi- 
ratory sac,” as well as the “ water-system,” furnished with the vibratory 
or ciliated tags. It has also the ordinary rotiferous apparatus at the 
head, through the agency of which its various movements of locomotion 
arc performed ; the red eye-spot” like^vise is distinct. It has, how- 
ever, no mandibles, no pharynx, oesophagus, pancreatic glands, or stomach-, 
there appear to be no organs of deglutition, digestion, or assimilation ; 
only, at the lower part of the animal, on the other side of and opposite 
to the vahnilar opening, are three small oval bodies massed together, 
having^no communication by tube or otherwise, but fixed in their places 
by short ligaments that may be rudiments of a stomach, 

(1162.) The difieronco of sex in these two forms, proceeding from the 
eggs of the same individual, is plainly evidenced by the fact, not only 
of the difference of structure, and the presence of active spermatozoa in 
the male, but by the observed fact of the intromission of the male organ 
into the vaginal canal of the female. That the male animal is produced 
by the female, and developed within the ovisac in the same manner as 
the female embryo, is also proved by many observations. The absence 
of all organs for the sustentation of life by food leads to the belief that 
it is created for a single purpose, and that its term of existence is very 
short. In this respect it somewhat resembles the drone, or male bee, 
whose utility seems to be confined to the impregnation of the perfect 
female or queen. 

(1163.) That a single impregnation is sufficient for the production of 
many young is proved by the female continuing to breed in water in 
which no male can be discovered ; but young females so produced will 
not go on to developo others unless a male be bom amongst them. 

* Fide Ann. of Nat. Hist, for Sept. 1848. 
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CHAPTER XVI. 

CIRRHOPODA. 

(1164.) The Cieehopoda present a strange combination of articulated 
limbs united with many of the external characters of a Mollusk, as will be 
at once evident from the examination of any species of Barnacle^ whether 
sessile or pedunculated. We select a common ioTm^ Pentelamis vitrea, 
as an example of the kind last mentioned. The animal in question is 
enclosed in a shell resembling in some respects that of the common 
Mussel, but composed of five distinct pieces united together by a dense 
intervening membrane : of these, four pieces are lateral, and disposed 
in pairs ; while a fifth, which is single, is interposed between the pos- 
terior edges of the two valves, so as to unite them along the whole 
length of the back. Along the anterior margin tho valves are only 
partially connected by membrane ; so that a long fissure is left, through 
which the articulated extremities may be protruded. In place of the 
hinge that joins the two shells of the Mussel, wo find tho to^jgh cori- 
aceous membrane that unites the different shelly pieces of tho integu- 
ment of Pentelasmis prolonged into a cylindrical pedicle (fig. 235, l\ 
which is in some species many inches in length, and, being attached by 
its extremity to any submarine body, fixes the animal permanently to 
the same locality. The external layer of this pedicle is coriaceous, or 
almost corneous, in its appearance, being evidently an epidermic struc- 
ture ; but internally tho tube is lined with a layer of strong muscular 
fibres arranged longitudinally (fig. 235, m, w), which by their con- 
traction are no doubt able to bend the flexible stem in any given di- 
rection, and thus confer upon tho animal a limited power of changing 
its position when necessary. On removing one-half of the shelly 
covering (as in fig. 232, a «), we expose the body of the Cirrhopod, and 
discern tho following particulars. The lower portion of tho body, which 
encloses the principal viscera (h h), is soft and much dilated, especially 
towards the dorsal region ; this part of the animal is covered with a 
delicate membrane, beneath which is a layer of whitish granular sub- 
stance. The mouth {g) is seen upon the ventral aspect, situated im- 
mediately at the inferior extremity of that longitudinal fissure in the 
mantle through which the arms are protruded; the oral aperture 
appears to be raised upon a prominent tubercle, and, when attentively 
examined, is found to be provided with a rudimentary apparatus of 
jaws, presenting a distinct lip, furnished with minute palpi, and three 
pairs of mandibles, of which tho two external are homy and serrated, 
while the third remains permanently soft and membranous. Imme- 
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diately behind the mouth, wo find on each side certain pyramidal fleshy 
appendages {d d d)^ resembling, as Hunter expressed it, a minute fStar- 
fish, which no doubt constitute the branchial or respiratory organs. 
Commencing above the mouth, we further notice on each side six pairs 
of articulated and flexible 
arms or cirri (fig. 232, c c), 
each being composed of a 
series of semi - corneous 
pieces, and exhibiting at 
each joint long and stiff 
hairs. Every pair of cirri 
arises from a singlo promi- 
nent stem ; and those most 
distant from the mouth being 
the longest and most exten- 
sile, the whole apparatus, 
consisting of twenty - four 
cirri, forms, when protnided 
from the body, a kind of not 
of exquisite contrivance, in 
which passing particles of 
nourishment are easily en- 
tangled, and thus conveyed 
to the mouth. Lastly, on 
separating the cirriferous 
pedicles, we find, termina- 
ting the body, and forming, 
as it were, a kind of tail, a 
long, soft, and flexible organ 
(fig. 235, Ic), the extremity 
of which is perforated by a 
minute aperture ; but the 
real nature of this instrument we shall examine by and by. 

(1165.) On reviewing this general description of tho external con- 
struction of PentelasiniSf the reader cannot but be struck with the 
singular combination of characters which it exhibits. Judging from its 
shell alone, its right to bo considered a MoUusk would seem to be at 
once demonstrable ; for, in fact, most conchologists agree in claiming 
these animals as belonging to their own department ; and yet if, after 
removing the shell, we compare the animal with a Crustacean, its 
alliance with that class is equally evident. Suppose the body (fig. 232, 
h h) to represent the thoracic portion of a Crustacean slightly bent upon 
itself, and enclosed in an extensively developed thorax* ; the valves of 

* Cuvier, M^moire sur les Animaux des Anatifes et dea Balanos, et sur lour 
Anatomie, p. 6. 


Fig. 232. 



Venlclamnia vUrea : a the flhelly valves ; 6 b, body 
contained within the shells ; c e, the eirri ,* d dd^ pre- 
sumed branchial apparatus; e,/, muscular eaqmnsions; 
g, the mouth. (After Hunter.) 
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the shell would represent this thorax, which would he divided into five 
pieces ; the first pair of cirri arising from the body would then repre- 
sent the triui feet of a Crustacean ; the branchiae would occupy the same 
position in both ; the rest of the body of the Barnacle, namely that 
which supports the five other pairs of feet, would represent the tail of 
the Crustacean, and the ciliated, natatory feet, generally connected with 
that part of the external skeleton. Even the mouth, as the author 
referred to might have added, with its triple series of jaws, is more 
nearly allied in structure to that of the Crustaceans than to anything 
we shall meet with in the structure of the oral organs of true Mollusca. 

(1166.) But the affinity which unites the Cirrhopoda to the Homo- 
gangliata is not merely exemplified in the analogies that can be pointed 
out between the external configuration 
of Pentelasmis and some Crustacean 
forms ; the neiTous system even, as we 
might bo led to anticipate from the 
symmetrical arrangement of the articu- 
lated cirri, still exliibits the Homo- 
gangliate condition, and, besides 4hc 
supra-ODsophageal masses, forms a lon- 
gitudinal chain of double ganglia ar- 
ranged along the ventral surface of the 
body, from which the nerves supplying 
the cirriferous arms take their origins. 

Four small tubercles (fig. 233)*, placed 
transversely above the oesophagus, re- 
present the brain, and give origin to 
four principal nerves (////), which 
are distributed to the muscles and vis- 
cera ; for in such a situation, organs of 
sense would evidently bo useless. Two 
lateral cords, derived from the above, 

, ,, , „ IP massoB,*/’/, visceral nervea; o o, nenous 

surround the oesophagus, from each of poUar sarroiindinff the a^ophagm ; A, *, 
which a nerve (o o) is given off. Below of double gangiia 8uj>iUjing 

the articulated cirri. (After Cuvier.) 

tho oesophagus the nervous collar ter- 
minates in a pair of ganglia (/t), that give origin to the nen es supplied 
to the first pair of arms ; and then succeeds a parallel series of double 
ganglia (t, Jc^ /, m)j exactly resembling those of articulated animals, 
from which emanate nerves that are destined to tho cirri and surround- 
ing parts. 

(1167.) The muscular system of Pentehsmis is partly appropriated 
to tho movements of tho shell and partly to the general motions of 
tho body. The shell is closed by a single transverse fasciculus of 
muscular fibres, whereof a section is seen at e, fig. 232, placed imme- 
* Curier, Hoc. eif. 


Fig. 233. 



PentelaamiH vitrea, exhibiting the ner- 
vous system : a a, the pedieh* ; A A, the 
body ; e. the mouth ; d d, glandular 
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diately beneath that fissure in the mantle through which the arms are 
protruded ; it passes directly across from one valvo to the other, and 
approximates them by its contraction. 

(1168.) A large muscle, Avhose origin is seen in fig, 232, /, arises 
from the interior of the mantle, and, as its fibres diverge, spreads over 
the entire mass of the viscera ; this wiU evidently draw the body for- 
ward and cause the protrusion of the tentacula ; while various muscular 
slips derived from it scarcely need farther description, being destined 
to move the numerous arms, with their jointed cirri and the fleshy 
tubular prolongation (fig. 235, Ic) already noticed. 

(1169.) The food devoured by the Cirrhopoda would seem to consist 
of various minute animals, such as small MoUusks and microscopic 
Crustacea, caught in the water around them by a mechanism at once 
simple and elegant. Any one who watches the movements of a living 
Cirrhopod will perceive that its arms, with their appended cirri, are 
in perpetual movement, being alternately thrown out and retracted with 
great rapidity, and that, when fully expanded, the plumose and flexible 
stems form an exquisitely beautiftil apparatus, admirably adapted to 
entangle any nutritious molecules, or minute living creatures, that may 
happen to bo present in the circumscribed space over which this singular 
casting-ij^et is thrown, and drag them down into the vicinity of the 
mouth, whore, being seized by the jaws, they arc crushed and prepared 
for digestion. No sense but that of touch is required for the success of 
this singular mode of fishing ; and the delicacy with which the tentacula 
perceive the slightest contact of a foreign body shows that they are 
eminently sensible to tactile impressions. As regards the digestive 
organs, we have already described the prominent mouth (fig. 235, 5), 
with its horny palpiferous lip and three pairs of lateral jaws. The 
oesophagus (c) is short, and firm in its texture ; it receives the excretory 
ducts of two salivary glands of considerable size (fig. 233, d d), and 
soon terminates in a capacious stomachal receptacle, the walls of which 
are deeply sacculated and surrounded by a mass of glandular emea 
(fig. 235, d) that represent the liver, and pour their secretion through 
numerous wide apertures into the cavity of the stomach itself. The 
intestine (e, f) is a simple tube, and runs along the dorsal aspect of 
the animal, wide at its commencement, but gradually tapering towards 
its anal extremity ; it terminates at the root of the tubular prolonga- 
tion Qc) by a narrow orifice, into which a small bristle (g) has been 
inserted. 

(1170.) Little is satisfactorily known relative to the arrangement of 
the blood-vessels and the course of the circulation in these animals. Poli 
imagined that he had discovered a contractile dorsal vessel, intimating 
that he had perceived its pulsations in the vicinity of the anal extremity 
of the body ; and although his observations upon this subject have not 
been confirmed by subsequent investigations, analogy would lead us to 
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anticipate tlie existence of the heart in the position indicated by the inde- 
fatigable Neapolitan zootomist. The lateral appendages (fig. 232, d d d) 
arc most probably proper branchial organs, but, perhaps, not exclusively 
the instruments of respiration, since the numerous cirri no doubt co- 
operate in exposing the blood to the action of the surrounding medium, 
a function to which they are well adapted by their structure and in- 
cessant movements ; especially as each cirrus is seen under the micro- 
scope to be traversed throughout its whole length by two large vascular 
trunks, one apparently arterial, and the other of a venous character. 

(1171.) Jud^g from the peculiar conditions under which the Cir- 
rhopods exist, it would only be natural to suppose that to creatures so 
circumstanced, the possession of the organs of the higher senses would 
be a useless incumbrance, seeing that they are apparently quite incapable 
of holding communication with the external world ; nevertheless, from 
the recent discoveries of Professor Leidy* and of Mr. Darwin f, they are 
found to bo by no means destitute in this respect. In Lejpas fascicularis^ 
Mr. Darwin detected two nervous filaments, derived immediately from 
the front of the two supra-oesophageal ganglia, which were found to 
terminate in two small, perfectly distinct, oval masses, which are not 
united by any transverse commissure. From the opposite ends of these 
two ganglia, smaller nerves are derived, which, bending iiwvards at 
right angles, communicate with the ocular apparatus, which, although 
apparently consisting of a single mass, is, in reality, composed of two 
eyes united together ; or, in other words, although in outline the cyo 
appears single, two lenses can bo distinctly seen at the end, as well as 
two pigment-capsules, which are deep and cup-shaped, and of a dark 
reddish-purple hue. This double eye, in aU the genera examined, is 
seated deep within the body : it is attached by fibrous tissue to the 
radiating muscles of the lowest part of the oesophagus, and lies actually 
on the upper part of the stomach ; consequently a ray of liglit to reach 
the eye has to pai^ through the exterior membrane and underlying 
corium and to penetrate deeply into the body. In living sessile Cirri- 
peds, Mr. Darwin observes, vision seems to be confined to the percep- 
tion of the shadow of an object passing between them and the light ; 
they instantly perceive a hand passed quickly at the distance of several 
feet between a candle and the vessel in which they may bo placed. 

(1172.) In the outer maxillm, at their bases, where they are united 
together, but above the basal fold separating the mouth from the body, 
there are, in all the Lepadidm, a pair of orifices, sometimes seated on a 
slight prominence, or else on the summit of flattened tubes projecting 
upwards and towards each other. Each of these orifices leads into a deep 
sac lined by pulpy corium, and closed at the bottom, over which a nerve 
of considerable size is distributed. That this closed sac is an organ of 

* Proceedings of the Academy of Natural Sciences of Philadelphia, Jan. 1848. 

t Monograph on (he Subclass Cirripedia, by Charles Darwin, F.B.S., 1841. 
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sense, of some kind or other, there can bo little doubt ; and, judging 
from its position, Mr. Damdn is induced to consider that the two con- 


stitute an olfactory ai)paratus. 

(1173.) At a little distance beneath the basal articulation of the first 
cirrus, on each side, there may be seen a slight swelling, and on the 
under side of this a transverse slit-like 
orifice (fig. 234, e), one-twentieth of an 


inch in length, in Conchoderma, but 
often only half that size : this is re- 
garded by Mr. Darwin as the organ of 
hearing. The external orifice leads into 
a deep and rather wide meatus, which, 
enlarging upwards, is lined by a thick 
pulpy coriura, and is closed at the upper 
end; from its summit is suspended a 
flattened sac, variously shaped in dif- 
ferent genera. In all cases the sac is 
empty, or contains only a little pulpy 
matter ; it consists of brownish, thick, 
and remarkably clastic tissue, formed 
apparently of transverse little pillars, 
becoming fibrous on the outside, and 
with their inner ends appearing like 
hyaline points. The mouth of the acoustic 
sac is closed by a tender diaphragm, 
through which Mr. Darwin thinks ho 
saw a moderate-sized nerve enter ; and 
as the first pair of cirri seem, to a cer- 



tain extent, to perform the office of 
antennm, therefore the position of an 
acoustic organ at their bases is ana- 
logous to what exists in Crustacea ; but 
there are not here any otoliths, or the 
siliceous particles and hairs, as described 


Structure of Conchoderma: a, ex- 
ternal layer of integument ; a a, in- 
ternal layer; b b, ova, forming a layer 
around the body; c, ovipositor; d, 
mouth ; e, pri'annied organ of h(*aring ; 
/, aperture communicating with the 
interior of the pedicle ; g, h, pedicle. 
(After Darwin.) 


by Dr. Farrc in that class (§ 1050). Nevertheless tlie sac is so highly 
clastic, and its suspension in a meatus freely open to the water seems so 
well adapted for an acoustic organ, that Mr. Darwin considers such to 


be its function. 


(1174.) With respect to the organization of the reproductive system 
in these creatures, the most discordant opinions are expressed by dif- 
ferent writers, no two authors agreeing cither concerning the names 


or offices which ought to be assigned to different parts of the generative 
apparatus. It must therefore bo our endeavour, in considering this 
part of their economy, to separate as far as practicable all conjecture 
and hyiiothctical reasoning from the simple facts which anatomy has 
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jjlaced at our disposal, and leave disputed questions to be solved by 
(jareful experiment and research. According to the dissection of John 
Hunter, the internal generative apparatus is double, occupying both 
sides of the alimentary canal. Covering the stomach (tig. 235, (i), there 
is found a vascular substance, 

which the above-named il- Fig. 235. 

lustrious anatomist regarded 
as probably constituting the 
tubular parts of the testicle, 
from which a tortuous canal 
with very thick walls (vas 
deferens) rans upwards along 
the side of the intestine to 
the root of the fleshy pro- 
longation (/i*), at which point 
it is joined by the correspond- 
ing tube from the opposite 
side of the body. The com- 
mon canal thus formed is 
extremely slender, and passes 
in a flexuous manner through 
the whole length of tlie tu- 
bular organ (A), named by 
Hunter, ap])arcnt]y for the 
sake of brevity, the penis, to 
terminate by a minute orifice 
at its extremity. Yet, not- 
withstanding the name ap- Anatomy of PentpUmniH vUrea.: u, fXt«*rrial «n- 
, . „ vflope of tho body ; till' mouth; c*, Uio resophagns ; 

plied to the termination ot f/, tin? Htomach; e.y, tract of the intestine; (/, bristle 

the sexual canals, Hunter tv .....i oriUc. ; a, th., oviduct. (After 

^ JTuutcr.) 

was well convinced that the 

Cirripeds were hermaphrodites, — as ho expressly says Tt is most 
probable that all Barnacles are of both sexes and seJf-impregnators ; for 
I could never find two kinds of parts, so as to bo able to say, or even 
suppose, the one was a female, the other male.” 

(1175.) Cuvier found the vascular mass, considered by Hunter as 
being the tubular portion of the testis, to be composed of granules, 
which he deemed to he ova; and conceived the delicate white vessel 
seen to ramify through the ovarian mass, as represented in the figure, 
to bo the oviduct, whereby the eggs were taken up and conveyed into the 
tliick and glandular canal (/i), from the walls of whicli he imagined that 
a fecundating liquor might bo secreted for the impregnation of the ova 
in transitu. He therefore regarded the proboscidiform tube (k) as an 

* Descriptive and Illustrated Catalogue of the Tliysical Scries of Comparative 
Anatomy in the Museum of the Eoyal College of Surgeons of England, vol. i. p.259. 
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ovipositor, whereby the ova derived from both sides of the body are 
expelled. Before scattering them abroad, as Cuvier noticed, the animal 
retains them for a considerable length of time concealed between the 
body and the mantle, where they form two or three irregularly-shaped 
layers. When the eggs are found in this situation, ho observed that 
the ovaria were empty and the testicles much less tumid — circum- 
stances which indicate the season of oviposition to be at an end. 

(1176.) In opposition to the views entertained by Cuvier concerning 
the generative process in the class before us, various continental writers 
consider the true ovary to be contained in the cavity of the tubular 
fleshy pedicle, which in Pentelasmis serves to fix the body to the sub- 
stance whereunto it is attached. This, indeed, at certain periods, is 
found to bo filled with oval granular bodies of regular shape, which aro 
apparently real ova, diffused through the loose cellulosity enclosed 
within it ; and these ova, being found in different states of mat^ty, 
are apparently secreted in the pedicle itself, — although some authors 
contend that, having been formed and impregnated in the manner 
indicated by Cuvier, they are conveyed into this situation by the ovi- 
positor, as upon this assumption the prolonged organ (fig. 235, Ic) would 
be named. Other anatomists, again, regard the instrument last men- 
tioned a^being a real penis, and suggest that from its length it might 
oven bo introduced into the peduncular cavity itself, and thus effect tho 
impregnation of tho ova contained therein. 

(1177.) It is to Mr. Darwin that science is indebted for a knowledge 
of tho fact that in at least two genera of tho Lepadidse distinct male and 
female individuals exist; and for the far more wonderful discovery that 
in the same genera there exist hermaphrodite species, whose masculine 
efficiency is aided by one or two comjplemental males. In the genus 
Ihla for example, in one species, I. Cumingii, the egg-bearing individual 
is simply female, presenting no trace cither of the external proboscidi- 
form penis, or of the vosiculac scminales, or of the testes ; while, on the 
other hand, tho ovarian tubes within the pedicle are developed in the 
usual manner, as are likewise the true ovaria at the upper edge of the 
stomach. But although there thus was a total deficiency of tho usual 
male portion of the sexual apparatus, Mr. Darwin found attached within 
the sac, in a nearly central lino (fig. 236, h), a flattened, purplish, worm- 
like little animal, which, notwithstanding its different appearance, 
turned out upon dissection to be, in reality, the male Cirriped belonging 
to this species, although totally dissimilar in its external configuration. 

(1178.) The dimensions and proportions of the male animal vary 
much ; but it is always exceedingly minute, tho longest specimen mea- 
suring not more than yf^yths of an inch in length. The main part of tho 
body consists of tho peduncle, which tapers more or less suddenly to- 
wards its extremity, which latter is imbedded deeply in the integuments 
of the female, passing obliquely through the chitine-membrane and 
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corium, and, running along amidst the underlying muscles and inoscu- 
lating fibrous tissue, is attached to them by cement at the extremity. 

(1179.) Within the muscular layer all round the upper part of the 
peduncle, and surrounding the stomach, the body of this minute crea- 
ture contains numerous little, rather irregular, globular balls with 
brown granular centres, so closely resembling the testes in other Cirri- 
pedes as to leave little doubt that they are of the same nature. The 
vasa deferentia are plainly visible, occupying their normal situation ; and 
the presence of spermatozoa is indisputable. The vasa deferentia unite 
and terminate under the two extremely minute caudal appendages : but 
there is no projecting proboscidiform penis ; and in this case apparently 
the whole body, furnished like the penis with longitudinal and trans- 
verse muscles, serves the same purpose I 

(1180.) Another species belonging to the same genus, Ihla quadri^ 
valvisy furnishes an example of a hermaphrodite Cirriped, which might 
he supposed to be in itself sufficient for reproduction, provided with a 
complemental male, — an arrangement still more wonderful than that just 
described as existing in /, Cumingii, In the androgynous individual 
there is a penis, singularly construc^d of several distinct segments, as 
well as the vasa deferentia and testes, which latter are unusually large 
and egg-shaped, while the ovigerous system is likewise coiypletely 
developed ; nevertheless in five out of six specimens dissected by Mr, 
Darwin males were present, in every respect similar in their structure 
to those of I, Cumingii described above, and of some of which he was 
enabled to trace the preparatory meta- 
morphoses, common to the class, from 
their larval condition to the adult state, 

(1181.) In this same hermaphrodite 
specimen of Ihla quadrivdlvis, the two 
ovigerous lamella) contained some hun- 
diseds of larva3 in the first stage of 
development, which were liberated from 
their enveloping membranes by a touch 
of a needle; they were about yj^ths 
of an inch in length, and presented 
all the usual characters of larvae at this 
period. What a truly wonderful assem- 
blage of beings of the same species, ex- 
claims the distinguished naturalist to 
whom we are indebted for these re- 
searches, did this individual hermaphro- 
dite present ! We have the numerous, 
almost globular larvae, with lateral 
horns to their carapaces, with their three pairs of legs, single eye, pro- 
boscidiform mouth, and long tail : wo have the somewhat larger larva?. 


Fig. 236. 



Jbla Cumingii, showing the supple* 
mentAl male : a, b, c, d, e,/, g, i, body of 
the female Ibfa ; h, supplemental male. 
(After Darwin.) 
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in tlio last stage of their development, much compressed, boat-formed, 
with their two great compound eyes, curious prelieiisile antenna), closed 
rudimentary mouth, and six natatory legs, so different from those of 
the first stage : we have the attached males, with their bodies reduced 
almost to a mouth, placed on tho summit of a peduncle, with a minute, 
apparently single eye shining through the integuments, without any 
carapax or capitulum, and with the thorax, as well as the legs or cirri, 
rudimentary and functionless : lastly, we have the hermaphrodite 
with all its complicated organization, its thorax supporting six pairs of 
multi-articulated two-armed cirri, and its well-developed capitulum, 
furnished with horny valves, surrounding this wonderful assemblage of 
beings. Unquestionably, without a rigid examination, these four forms 
would have been ranked in different families, if not orders, of the Arti- 
culated kingdom. 

' (1182.) The observations of Mr. Thompson* relative to tho progress 
of tho ova after their escape from tho pedicle throw much additional 
light upon this portion of our subject. In tho whole tribe of Cirripeds,” 
says this industrious naturalist, '<thc ova, after their expulsion from 
the ovarium, appear to be conve}^d by the ovipositor into the cellular 
texture of the pedicle, just beneath the body of tho animal, which they 
fill to the distance of about an inch. When first placed in this position, 
they seem to be amorphous, and inseparable from the pulpy substance 
in which they are imbedded ; but as they approach to maturity they 
become of an oval shape, pointed at both ends, and aro easily detached. 
Sir Everard Home has given a very good representation of them at this 
stage of their progress, in his ‘ Lectures on Comparative Anatomy,' from 
the elegant pencil of Mr. Bauer. 

(1183.) “ During the stay of the ova in tho pedicle, they render this 
part more opake and of a bluish tint, — the ova themselves, and the 
cellular texture in which they are surrounded, being of a pale or azure - 
blue colour. It is difficult to conceive in what manner the ova are ex- 
tricated from the situation above indicated ; but it is certainly not by 
the means suggested by Sir E. Home in tho above-mentioned lecture, 
viz. by piercing outwards through tho membranes of tho pedicle ; for 
the ova aro subsequently found forming a pair of leaf-like expansions, 
placed between either side of the body of tho animal and the lining 
membrane of the shells. These leaves have each a separate attachment 
at the sides of the animal to the septum which divides tho cavity occu- 
pied by the animal from that of tho pedicle ; they arc at first compa- 
ratively small, having a rounded outline, and possess the same bluish 
colour which tho ova had in the pedicle ; but as the ova advance in 
progress, these leaves extend in every dimension, and lap over each 
other on the back, passing tlirough various lighter shades of colour 
into pale pink, and finally, when ready to hatch, become nearly white. 

^ Phil. Trans, for 1835, p. 356. 
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These leaves appear to bo composed of a layer of ova, irregularly placed 
and imbedded in a kind of parenchymatous texture, out of which they 
readily fall, when about to hatch, on its substance being tom asunder; 
indeed, it appears at length to become so tender as to fall entirely away, 
so that, after tJio period of gestation is passed, no vestige of these leafy 
concoptacles is to be found.” 

(1184.) In the second form of Cieehopoda {Balani)^ the animals, 
instead of being appended to foreign substances by elastic and flexible 
pedicles, are sessile, — the shelly investment of the body being in imme- 
diate contact with the rock or other submarine body to which the 
Barnacle adheres. The soft tube of Pentelasmis is, in this case, repre- 
sented by a strong testaceous cone composed of various pieces accurately 
joined together, and generally closed inferiorly by a calcareous plate ; 
while the representatives of the valves of the pedunculated species 
form a singular operculum, which is moved by special muscles, and 
accurately shuts the entrance of the shell when the animal retii'cs into 
its abode. In their general structure, however, the Balaniform Cirrho- 
pods accord with the description above-given ; and, from the similarity 
of their habits and economy, a more* elaborate account of the pecuH- 
ctrities which they exhibit would be superfluous in this place. 

(1185.) One of the most remarkable circumstances connected with 
the history of the Cirrhopoda is the recently-discovered fact of their 
undergoing a distinct metamorphosis ; so that, in the earliest periods of 
their existence, instead of being rooted by moans of a pedicle or other- 
wise, the newly-hatched young are endowed with locomotive organs 
calculated to enable them to swim freely about, and giving them rather 
the appearance of Entomostracous Crustacea than of animals of their 
own class. This singular fact was first announced by Mr. J. V. Thomp- 
son, of Cork* ; and its correctness has since been admitted by various 
anatomists who have devoted their attention to this subject. Mr. 
Thompson’s first observations were made upon minute animals, which, 
although at first actually taken for Crustaceans, turned out to be the young 
fry of Balcmm piisillus ; and the following is that gentleman’s account 
of their appearance and subsequent change. The young Cirrhopod is a 
small translucent animal, y^th of an inch long, of a somewhat elliptic 
form, but very slightly compressed laterally, and of a brownish tint. 
When in a state of repose, it resembles a very minute mussel, and lies 
upon one of its sides at the bottom of the vessel of sea- water in which 
it is placed ; at this time all the members of the animal are withdrawn 
within the shell, "which appears to be composed of two valves, united by 
a hinge along the upper part of the back, and capable of opening from 
one end to the other along the front, to give occasional exit to the 
limbs. The limbs are of two descriptions, viz. : anteriorly, a large and 
very strong pair jjrovidcd with a cup-like sucker and hooks, serving 
* Zoologiciil Researches, 4th Memoir, 183(1 
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solely to attacli the animal to rocks, stones, &c. ; and posteriorly, six 
pairs of natatory members, so articukited as to act in conceri, and to 
give a very forcible stroke to the water, causing the animal, when 
swimming, to advance by a succession of bounds, after the same manner 
as the Watcr-flca {Daphnia) and other Monoculi, but particularly 
Cyclops j whose swimming- feet are extremely analogous. The tail, which 
is usually bent up under the beUy, is short, composed of two joints, and 
terminates in four seta), forming an instrument of progression. The 
animal, moreover, is furnished with large pcdimculated eyes. After 
keeping several of the above for some days in sea-water, they threw off 
their exuviae, and, becoming firmly adherent to the bottom of the vessel, 
were changed into young Barnacles ; and the peculiarly-formed shells, 
with their opercula, were soon distinctly formed, while the movements 
of the cirri, although as yet imperfect, were visible. As the shell 
becomes more complete, the eyes gradually disappear, the arms become 
perfectly ciliated, and an animal originally natatory and locomotive, and 
provided with a distinct organ of sight, becomes permanently and im- 
movoably fixed, and its optic apparatus obliterated. 

(1186.) Similar results were obtained by watching the development 
of the pedunculated type of Cirripeds* {Lepades)^ many of which were 
provodfln their earliest form to resemble different kinds of Monoculi, and 
to bo possessed of the capability of locomotion. 

(1187.) The manner in which larvm thus constituted are converted 
into the fixed and pedunculated Cirriped is, indeed, one of the most re- 
markable features connected with the history of the class. The larva in 
its last stage has much the appearance of one of the Stomapod Crusta- 
ceans ; and, as is the case in several genera bclon^ng to that order, the 
part of the head bearing the antennse and organs of sense in front of the 
mouth equals or even exceeds in size the posterior part of the body, 
gonsisting of the enclosed thorax and abdomen. On the borders of the 
carapax at the anterior end, on the sternal surface, there are two 
minute orifices, sometimes having a distinct border round them, within 
which are contained minute sacculi, regarded as acoustic organs ; and, 
moreover, large compound eyes, each consisting of eight or ten lenses, 
are situated near the bases of the antennse. 

(1188.) But it is the antcnnie themselves that principally claim our 
notice, inasmuch as it is by means of these organs that the creature 
ultimately attaches itself when about to assume its complete or fixed 
condition. They consist of three segments ; the first, or basal one, is 
much larger than the others f, and apparently always has a single spine 
on its outer distal margin. The second segment consists either of a- 
largo, thin, circular sucking-disk, or is hoof-like ; in all cases it is fur- 
nished with spines on the exterior hinder margin. The third and ulti- 
mate segment is small ; it is articulated on the upper surface of the disk, 
* Phil. Trans, for 1835, p. 355. f Darwin, loc, cit. 



CEMENT-GLANDS. 


4Gl 


and is directed rectangularly outward ; it is sometimes notched, and 
even shows traces of being bifid, and bears about seven spines at the 
end, some of which are hooked, others simple. The antennae, at first, 
are well furnished with muscles, and serve for the purpose of walking, 
one limb being stretched out before the other ; but their main fimction 
is to attach the larva, for its final metamorphosis into a Cirriped, by 
means of the appended disk, which can adhere even to so smooth a 
surface as a glass tumbler The attachment is at first manifestly 
voluntary, but soon becomes involuntary and permanent, being effected 
by special and most remarkable means, 

(1189.) In each of the antennae there is situated a duct, derived from 
a large glandular body (the cement-gland ) : the termination of this 
duct is situated iii the immediate vicinity of the adhesive disk, by the 
assistance of which the little animal is about to fiix itself permanently 
to some foreign body and assume the Cirriped condition. 

(1190.) Several times Mr. Darwin succeeded Fig. 237. 

in dissecting off the integuments of the lately- 
attached larva, and in displaying the enclosed 
Lepas entire, of which, in this condition, he 
gives the following account : — Whilst the young 
Lepas is closely packed within the larva, the 
capitulum (or shell-clad portion of the body), as 
known by the five valves, about equals in length 
the peduncle. The peduncle occupies the ante- 
rior half of the larva; and even at this early 
period the muscles of its inner tunic aro quite 
distinct. The compound eyes, as wo have already 
seen, aro attached to the sternal surface of the 
larval carapax, and aro consequently castoff with 
it ; but the antennae, which are not moulted with 
the carapax, are left cemented to the surface of 
attachment; their muscles are converted into 
sinevy fibres, the corium after a short time is 
absorbed, and they are then preserved in a func- Cement-ducta of Scaipeihm, 
tionlcss condition. If, indeed, the peduncle even magnified, 

of an adult Cirriped bo very carefully removed from the surface of 
attachment, quite close to the end, but not at the actual apex, the 
larval prehensile antennae can always bo found, and the cement-ducts 
traced, running in a slightly sinuous course on each side within the 
peduncle, until they arrive at the glandular organs whence the cement 
is furnished. Each gland contains a strongly coherent, pulpy, opako 
cellular mass, like that in the cement-ducts ; and it is this peculiar 
substance that constitutes the bond of union between the Cirriped and 
the surface whereupon it becomes fixed. 

* Bev. B. L. King, Annual Beport of the B. Inst, of Cornwall, 1848. 
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CHAPTER XVII. 

HETEROGAI^GLIATA* (Owen). 

Mollusca (Cuvier). 

(1101.) Tin? term Mollusca, employed by Cuvier to designate the 
fourth grand division of the animal world, is obviously derived from a 
very unimportant circumstance of their organization, which the tribes 
included in it possess in common with innumerable forms of very 
dissimilar beings, whose soft bodies are unsupported by any internal 
or tegumentary framework of sufficient density to merit the name of 
a skeleton. Subsequent anatomists have therefore, however unwil- 
lingly, been compelled to substitute another name for that given by 
the illustrious French zoologist to this extensive class, the bounda- 
ries and relations of which, as at present admitted, remain precisely as 
they were first established by his patient and unwearied investigations 
relative to the anatomical stnictucc of the animals comprised within its 
limits. 

(1 1^.) It is to the arrangement of the nervous system that we must 
again have recourse in order to discover a distinctive appellation ; nor 
in this shall we be disappointed ; for here we at once find a character 
peculiar to this great section of animated nature, and generally appli- 
cable to the various classes composing it All tho Mollusca present 
nervous ganglia, which, in the more highly organized forms, attain con- 
Biderablc development and consequent perfection ; but these nervous 
centres; instead of being arranged in a longitudinal series of symme- 
trical pairs, arc variously distributed in different parts of tho body, — 
an arrangement exactly correspondent to tho want of symmetry ob- 
servable both in the external configuration of these creatures and in 
tho anatomical disposition of their internal viscera. Still, however, one 
large ganglionic mass occupies a position above the oesophagus, and it 
is with this that tho nerves of the existing senses invariably communi- 
cate ; so that wo are naturally induced to regard this as the sentient 
brain, corresponding with the supra-cesophageal ganglion of the Abti- 
CULATA both in position and office. The other ganglia vary considerably 
both in number and in situation ; but, wherever placed, they all com- 
municate with tho supra-O0sophageal mass, while the branches derived 
from them are distributed to tho viscera, or to the locomotive organs. 

(1193.) Various are the forms and widely different tho relative per- 
fection of the Mollusca, as regards their endowments and capabilities. 
Some, as the Poitzoa, fixed to the surface of foreign bodies, either 
immoveably or by tho intervention of a fiexible pedicle, entirely deprived 
* erepos, dissimilar; yayyXiov, a ganglion. 
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of organs connected with the higher senses, and unable to change their 
position, are content to cast out at intervals their ciliated arms, which 
form a net of Nature’s own contrivance, and thus entrap such passing 
prey as suits their appetite. Others, equally incapable of locomotion, 
but furnished with arms of different construction (Brachiopoda), catch 
their food by similar efforts. The Tunicata, enclosed in coriaceous 
bags, are firmly rooted to the rocks ; or, aggregated into singular com- 
pound masses, float at the mercy of the waves. The CoNcniPERA inhabit 
bivalve shells ; while the Gasteropob orders, likewise defended in most 
cases by a shelly covering, creep upon a broad and fleshy ventral disk, 
and, thus endowed with a locomotive apparatus, exhibit senses of pro- 
portionate perfection. The Pteropoda swim in myriads through the 
sea, supported on two fleshy fins ; while the Cepualopod Mollusca, the 
most active and highly organized of this large and important division of 
animated nature, furnished with both eyes and cars, and armed with 
formidable means of destroying prey, become tyrants of the deep, and 
gradually conduct us to the most exalted typo of animal existence. 

(1194.) These different sections, which constitute, in fact, so many 
distinct classes into which the Heter«gangliata have been divided by 
zoologists, we shall now proceed to examine seriatim ; beginning, as 
heretofore, with the most imperfectly organized, and gradually gracing 
the development of superior attributes and more exalted faculties as the 
nervous centres attain greater magnitude and concentration. 


CHAPTER XVIII. 

POLYZOA (Thompson). 

Bryozoa * (Ehrenberg). Ciliobbaciiiatb Polypi (Farre). 

(1195.) It is only within tbo last few years that microscopical 
researches have revealed to naturalists the real structure of a series of 
animals originally confounded with the simpler polyps, with which, as 
far as external form is concerned, they are indeed intimately related. 
The observations of Milno-Edwardsf, Audouin, Ehrenberg^, and 
Thompson § gradually led the way to more correct and precise ideas 
concerning the more highly-organized genera ; while Dr. Arthur Farre || 
and Van Beneden, by a scries of investigations followed up with exem- 
plary industry and perseverance, seem to have completed our knowledge 

* (3pvoPi sea-moss ; an animal. 

t Ann.de8 Sci. Nat. for Sept. 1828 and July 1836. t Symbolce Physic®. 

§ Zoological Researches and Illustrations, Memoir 5. Cork, 1830. 

II Phil. Trans., Part 2. for 1837. 
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of the anatomicd details of these creatures in a manner which loaves 
few points of their economy unknown. 

.{119.6.) We shall se- 
lect an individual^ named 
hy Dr. Parre Bmer- 
havMa densa, as an il- 
lustration of the general 
structure of the Polyzoa, 
partly from complete 
manner in wmch its or- 
ganization has been de- 
veloped in the memoir 
alluded to, and partly 
because wo have had 
frequent opportunities of 
verifying the accuracy 
of the observations re- 
corded. 

(1197.) The tentacula 
of Bow'erbanJcia (fig. 238) 
duringj^he expanded state 
of the animal are kept 
quite straight and mo- 
tionless, as represented 
in the drawing. Each 
tentacle is provided upon 
its outer aspect with a 
series of stiff and im- 
moveable spines, proba- 
bly serving to keep off 
any foreign bodies that by their proximity might interfere with the 
ciliary movements immediately to be described. 

(1198.) Besides the stiff spines, the tentacula are covered with an 
immense number of vibrating cilia, which, at the will of the animal, 
are thrown into most rapid movement, so as to produce strong and con- 
tinuous currents in the surrounding fluid, whereby particles floating in 
the neighbourhood are hurried along with great velocity. From the 
direction of the streams produced by the cilia, namely towards the 
mouth, we at once perceive the utility and beauty of the contrivance, 
compensating to a great extent for the fixed condition of the Polyzoon ; 
animalcules floating in the vicinity no sooner come within the influence 
of the currents so produced than they are forced towards the mouth, 
situated in the centre of the tentacular zone, and, being at once seized, 
are immediately swallowed. 

(1199.) The tentacula themselves, notwithstanding their immobility 


Fig. 238. 



Anatomy of BowerJ)ankia densa (after Farre), a, The 
animal with ite tentacula expanded : — 1, pharynx ; 
2, oesophagus ; 3, the gizzard ; 4, the stomach ; 5, the 
pylorus; 6, the intestine; 7. the anal apertiure. 6 re- 
presents the Bryozoon retrao^ti^d into its cell : — 1, 2, 3, 
muscular fasciculi, c. An imperfect gemma before the 
opening of the cell : — 1, stomachal cavity, d, A gemma 
sprouting from the common stem. 
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during tho process of watching for proy, are highly irritable, and seii- 
flible of tho slightest contact. No sooner does an animalcule impinge 
upon any part of their surface than the tentacle touched bends with 
extraordinary quickness, as if endeavouring to strike it towards the 
'mouth ; and if the object be suMciently large to touch several at the 
same moment, all the tentacula simultaneously cooperate in seizing and 
retaining it. 

(1200.) The existence of these cUia upon the tentacula would seem 
to bo characteristic of the Polyzoa, and invariably accompanied, as 
far as our information extends at present, with a digesllfre apparatus of 
far more complex structure than what we have seen in the unciliated 
polyps; for in tho class before us, besides the stomach, there is a distinct 
intestinal lube and anal ou%t. In the specimen idider consideration 
the organization of tho alimentary organs is rendered even more elabo- 
rate than is usual in tho dass, by tho addition of a gizzard or cavity 
wherein tho food is mechanically bruised before its introduction into the 
proper stomach. Tho mouth is placed in the centre of tho space en- 
closed by the tentacula : it appears to be a simple orifice, incapable of 
much distention, through which thq particles of food brought by the 
ciliary action pass into a capacious oesophagus (fig. 238, a, 1,2); this, 
gradually contracting its dimensions, ends in a globular muscular organ, 
to which the name of gizzard has been applied (3). The wafls of this 
viscus are composed of fibres that radiate from two dark points, seen in 
tho figure ; and its lining membrane is covered with a great number of 
hard homy teeth, so disposed as to represent, under tho microscope, a 
tessellated pavement. Tho contractions of the gizzard are vigorous; 
and, from tho stmeturo of its interior, its office cannot be doubtful. 

(1201.) To the gizzard succeeds a stomach (fig. 238, a, 4), which is 
studded with brown specks, apparently of a glandular nature, and 
probably representing a biliary apparatus. The intestine leaves tho 
stomach at its upper portion, close to the gizzard (5), and, running 
parallel with the oesophagus towards the tentacula (6), terminates at 
tho side of tho mouth (7), in such a position that excrementitious matter 
is at once whirled away by the ciliary currents. The whole intestinal 
apparatus floats freely in a visceral cavity that contains a transparent , 
fluid and encloses distinct muscular fasciculi, to be described in another 
place. 

The process of digestion in this minute yet highly-organized being is 
well described by Dr. Farre in tho memoir above-mentioned. 

(1202.) The little animal, when in vigour, is seen projecting fipom 
its cell, with the arms extended and tho cilia in fiiU operation, — ^the 
upper part of the body being frequently turned from side to side over 
the edge of the cell, the extremity of which, from its peculiar flexibility, 
moves along with it. The particles carried to the mouth in the vortex 
produced by the action of tho cilia, after remaining a little while in the 
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pharynx, are swallowed by a vigorous contraction of its parietes, and 
carried rapidly down the oesophagus and through the cardia to the giz- 
zard, that expands to receive them. Here they are submitted to a sort 
of crushing operation, the parietes of the organ contracting firmly upon 
them, and, the two dark bodies being brought into, opposition. Their 
residence, however, in this cavity is only momentary, and they are 
immediately propelled into tho true stomach below, where they become 
mixed up with its contents, which, during digestion, are always of a 
dark, rich brown colour, being tinged with the secretion of its parietal 
follicles. 

(1203.) The food appears to be retained for a considerable time in 
the stomach, and may bo frequently seen to be regurgitated into tho 
gizzard, whence, after having been again submitted to its operations, it 
is returned to tho stomach. Here it is rolled about by tho contraction 
of its parietes, and at its upper part is frequently submitted to a rotating 
motion. This rotation of particles is chiefly near tho pyloric orifice ; 
and a mass may bo occasionally seen projecting through tho pylorus 
into the intestine, and rotating rapidly in the direction of the axis of 
the orifice. In an animal having;a similar form of pylorus to this, but 
in which the parts were more transparent, the ciha, by which this 
rotation is effected, were distin<^y perceptible, surrounding tho orifice. 

(120f.) The granular matter, after rotating for some time at tho 
pylorus (a provision for preventing its too rapid escape from tho 
stomach), passes into the intestine, whore it accumulates in little pel- 
lets, that are rapidly pushed, by the contraction of the intestine, towards 
the anal orifice, through which they are expelled from tho body. 

(1205.) The tube or cell inhabited by this Polyzoon is of exquisite 
structure, and the mechanism concerned in the protrusion and retraction 
of the animal of great simplicity and beauty. 

(1206.) The inferior two-thirds of the cell in the species under con- 
sideration is hard and corneous, but perfectly transparent : the upper 
third, on the contrary, is flexible, and so constructed as to form a very 
complete operculum whereby tho entrance is guarded. The flexible 
part consists of two portions, the lower half being a simple continuation 
of tho rest of the cell, while tho upper is composed of a circle of delicate 
bristle-shaped processes or setae, which are arranged parallel to each 
other around the mouth of the cell, and are prevented from separating 
beyond a certain distance by a membrane of excessive tenuity that 
connects them ; this membrane is evidently analogous to the infundi- 
bular termination of the cells of polyps already described. 

(1207.) When tho Polyzoon retires into its abode, the setae and soft 
termination of tho cell are gradually folded inwards, in the manner 
exhibited in the annexed figures (fig. 239) representing the various 
stages of tho process. The oesophagus, surmounted by its tentacula, 
descends first, whilst the integument of the upper part of the body 
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begins to be inverted at the point where it has its insertion around the 
base of the tentacles (c). As the descent of the tentacula proceeds, the 
inversion of this membrane continues ; and when the extremities of the 
arms have reached the level of the extremities of the setce, it is seen to 
form a complete sheath around them. The animal being thusn*etracted, 
the next part of the process is to draw-in the upper portion of the cell 
after it. The setae are now brought together in a bundle (fig. 239, 2, a) 



Bowerbankia, showing 6he opercular apparatus. 

and are gradually drawn inwards, inverting around them the rest of tho 
flexible portion of the coll, until they form a close fasciculus (fig. 239, 
3 & 4, rt) occupying tho axis of the opening of tho tube, constituting a 
complete protection against intrusion from without. 

(1208.) Tho muscular system exhibits the earliest appearance of 
muscular fibre. The filaments are unconnected by cellular tissue, and 
have a watery transparency and smooth surface; neither do they exhibit 
cross markings, or a linear arrangement of globules, even when examined 
under the highest powers of the microscope. 

(1209.) The muscles may be divided into two sets: — one for the 
retraction of the alimentary apparatus ; the other acting upon the setec 
around tho mouth of tho cell, and serving for the inversion of its 
flexible portion. The bundles of muscular fibre which act upon the 
alimentary canal are two in number, and arise from near the bottom 
of the cell : one of these is inserted into the stomach (fig. 238, a, 8); 
the other passes upwards along the side of the oesophagus (fig. 238, a, 9), 
to be attached in the vicinity of the tentacula : the latter fasciculus is 
evidently the great agent in drawing the animal into its retreat, and in 
doing 80 it throws the alimentary canal into close sigmoid folds. 

(1210.) The muscles that close the operculum are arranged in six 
distinct fasciculi ; they arise from tho inner surface of the upper hard 
part of the cell, and act upon the upper flexible portion of the tube and 
upon the setsB (fig. 239, d d). 


2h2 
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(1211.) The mode in which the protnision of the tentacula is effected 
is not so easily explained ; it would seem that the lining membrane of 
the shell is furnished with circular muscular fibres, so disposed as by 
their action to compress the fluid contained in the visceral cavity, and 
thus tend* to elongate the body. Dr. Farrc, however, believes the ali- 
mentary canal itself to be the great agent in effecting this object ; and 
he conceives it to possess a power of straightening itself from the 
flexures into which it is thrown during the retracted state of the 
animal. 

(1212.) The FinsmaE and EsenAn® are intimately allied to Bower- 
havikia in all the details of their structure, as we are assured by the re- 
searches of Dr. Milno-Edwards concerning these singularly aggregated 
forms of marine Polyzoa*. 

(1213.) The cells of the Flustrce and EscMrce are disposed side by 
side upon the same plane, so as to form a common skeleton of a cori- 
aceous or homy texture. The individual cells, which are extremely 
minute, vary in shape in different species; and the orifice of each is 
generally defended by projecting spines, or sometimes by a moveable 
operculum, or lid, that closes the '■orifice in the contracted state of the 
animal. The extension of one of these skeletons is effected by the 
regular (addition of new cells around the circumference of the Mustra, 
those of the margin being, of course, the most recent ; and the latter are 
not unfrequently found inhabited by healthy animals, whilst in the older 
or central ones the original occupants have perished. 

(1214.) The facts observed by Milne-Edwards relative to the forma- 
tion of these cells possess a high degree of interest, and materially 
support the views already given concerning the formation of the tubes 
of zoophytes in general, proving that the calcareous matter to which 
their hardness is owing is not a mere exudation from the surface of the 
animal, but is deposited in an organized tegumentary membrane, whence 
it can be removed with facility by means of extremely dilute muriatic 
acid. When so treated, a brisk effervescence is produced ; the cells 
become flexible, and are easily separated from each other ; but they are 
not altered in form, and evidently consist of a soft and thick membrane, 
forming a sac containing the digestive organs of the creature. In this 
state the opening of the eell is no longer defined as it was before, but 
the membranous cell appears continuous with the tentacular sheath. 
We see, therefore, that in these creatures the cell is an integral part 
of the animal itself — ^not a mere calcareous crust moulded upon the 
surface of the body— being a portion of the tegumentary membrane, 
which, by the molecular deposit of earthy matter in its tissue, ossifies, 
like the cartilage of higher animals, without ceasing to be the seat of 
nutritive movement. It is evident, likewise, that what is called the 

* “^hepches Anatomiques, Phyaiologiques, et Zoologiques eur les Eschares” 
(Ann. des Sci. Nat. for 1836). 
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body of the Polyzoon constitutes, in fact, but a small portion of it, 
principally consisting of the digestive apparatus. 

(1215.) Ah to the operculum destined to close the entrance of the 
teguraentary cell, it is merely a lip-like fold of the skin, the marginal 
portion of which acquires a homy consistence, while at the point whore 
it is continuous with the general envelope it remains sufficiently soft 
and flexible to obey the action of the muscles inserted into it. 

(1216.) The tegumentary sac, dei3rived of its carbonate of lime, seems 
to be formed of a tomentose membrane, covered, especially upon its 
outer side, with a multitude of cylindrical filaments disposed perpen- 
dicularly to its surface and very closely crowded together. It is in the 
interstices left by these fibres that the calcareous matter appears to be 
deposited f for if a transverse section be examined with a microscope, 
the external wall is seen not to be made up of superposed layers, but 
of cylinders or irregular prisms arranged perpendicularly to the axis of 
the body. 

(1217.) But the above are not the only arguments adduced by Milne-^ 
Edwards in confirmation of this view of the mode in which these g 
skeletons are held in vital connexion^with the animal. On examining 
the cells at different ages, it is found that they undergo material changes 
of form. ^ 

(1218.) This examination is easily made, since in many species the 
young spring from tho sides of those first formed, and do not separate 
from their parents ; each skeleton therefore presents a long series of 
generations linked to each other, and in each portion of the series tho 
relative ages of the individuals composing it are indicated by tho posi- 
tion which they occupy. It is sufficient therefore to compare tho cells 
situated at the base, those of the middle portion, those of the young 
branches, and those placed at the very extremities of the latter. When 
examined in this manner, not only is it seen that the general con- 
figuration of the cells changes with age, but also that these changes are 
principally produced upon the external surface. For instance, in the 
young cells of Eschara cervicomis (the subject of these observations), the 
walls of which are of a stony hardness, the external surface is much 
inflated, so that the cells are very distinct, and tho borders of their 
apertures prominent; but by the progress of age their appearance 
changes, their free surface rises, so as to extend beyond tho level of the 
borders of the cell, and defaces the deep impressions which marked 
their respective limits. It results that the cells cease to be distinct, and 
the skeleton presents the appearance of a stony mass, in which the aper- 
tures of tho cells only are visible. 

(1219.) It appears evident therefore that there is vitality in the sub- 
stance composing tho stony walls ; and the facts above narrated appear 
only explicable by supposing a movement of nutrition like that which is 
continually going on in bone. 
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(1220.) The anatomy of those Polyzoa differs slightly from that of 
Bowerbankia, The crown of ciliated tentacnla is inserted into the ex- 
tremity of a kind of proboscis, which is itself enclosed in a cylindrical 
retractile sheath. Prom the margin of the opening of the cell arises a 
membrane equalling in length the contracted tentacles, and serving to 
enclose them when the animal retires into its abode. These appendages, 
thus retracted, are not bent upon themselves, but perfectly straight and 
united into a fasciculus, the length of which is nevertheless much 
shorter than that of the same organs when expanded. 

(1221.) By the opposite extremity to that fixed to the margin of the 
opening of the call, the tentacular sheath unites with a tolerably capa- 
cious tube, the walls of which are exceedingly soft and delicate ; and 
near the point of their union we may perceive a fasciculift of fibres 
running downwards to be inserted upon the lateral walls of the cell : 
these fibres appear to be striated transversely, and are evidently mus- 
cular ; their use cannot be doubted. When the animal wishes to expand 
itself, the membranous sheath above alluded to becomes rolled out- 
^ wards, everting itself like the finger of a glove as the tentacles advance. 
The muscular fasciculi are thus placed between the everted sheath and 
the alimentary canal, and by their contraction they must necessarily 
retract ij^e whole within the cell. 

(1222.) The first portion of the alimentary tube is inflated, and much 
wider than the rest ; it forms a kind of chamber, in which the water set 
in motion by the vibration of the cilia upon the tentacles appears to 
circulate freely. The walls of this chamber are extremely delicate ; the 
soft membrane forming them is puckered, and appears traversed by 
many longitudinal canals united by minute transverse vessels ; this 
appearance, however, may be deceptive. 

(1223.) Beneath the first enlargement, the digestive apparatus be- 
comes narrower, but immediately expands again, and offers at this point 
a certain number of filiform appendages, which appear to be free and 
floating in the interior of the cell. To the second cavity succeeds a 
narrow canal, opening into a third dilatation, generally of a spherical 
form. From the last-named viscus issues a kind of intestine, which 
soon bends upon itself and becomes attached to an organ of a soft and 
membranous texture, having the appearance of a csscum, and which 
seems to be continuous superiorly with the digestive tube ; the latter 
continues its progress towards the upper part of the cell, and ultimately 
terminates by a distinct anal aperture upon the upper aspect of the ten- 
tacular sheath. 

(1224.) The operculum which closes the cell in Flustree and Escharce 
is moved by two muscular fasciculi inserted into the internal face of this 
valve by the intermedium of two filaments analogous to tendons ; by 
their inferior extremity these muscles are attached to the walls of the 
cell ; and when, by its own elasticity, the operculum is turned back, 
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and the mouth of the cell thus opened, they, by their contraction, can 
close it like a door. 

(1225.) The existence of nervous gangKa has been satisfactorily de- 
tected in many genera of the Polyzoa : it consists of a nervous ganglion, 
situated immediately above the oesophagus, from each side of which pro- 
ceeds a nervous cord forming a collar around that tube, as well as other 
filaments distributed to the muscular system. 

(1226.) 1^0 organ of special sensation has been discovered in any 
animals of this class, either in their adult state, or during the earlier 
periods of their development. 

(1227.) From what is known concerning the propagation of the 
Polyzoa, it would appear that their reproduction is effected in several 
different ways. 

(1228.) The most ordinary is by the development of gemmae, or buds, 
that sprout from the parent stem in the branched species, or, as in the 
Flustrce and Escharoe, are derived from the sides of contiguous cells. 

(1229.) In PedicelUm Belgica, the phenomeiia attending the gemmi- 
parous mode of reproduction are the following* : — First, there sprouts 
from the common stem of the Polyzoon, without any determinate situ- 
ation, a minute tubercle, which is simply a prolongation from the stem 
itself ; this tubercle gradually extends outwards, becomes mo^ promi- 
nent, and soon swells into a vesicle, which is the first appearance of 
the new individual. Up to this period the interior of the vesicle is 
organized precisely in the same manner as the stem itself, of which it is 
only an extension; but now a cellule becomes visible in its centre, 
which forms the point of departure whence the development of the 
embryo proceeds. 

(1230.) Around this primitive cell a series of other very small cellules 
soon group themselves, which seem to constitute the parietes of the 
primitive vesicle, or blastoderm, the original cell representing the vitel- 
line cavity. The bud now enlarges ; and as its growth proceeds, the 
internal tissue becomes thickened, so as to fill it completely ; subse- 
quently an indentation becomes apparent on each side of the little 
cavity, separating the embryo into two halves, the inferior of which will 
form the stomach, the superior the intertentacular chamber. 

(1231.) In Laguncula repens, the reproductive gemmae sprout from 
the creeping stems which connect the individual animals, appearing at 
first as a slight prominence that soon expands into a rounded tubercle, 
which is the commencement of a new cell. On close inspection, each 
gemma is found to consist of a transparent envelope, that is, in fact, a 
continuation of the general investment of the animal, lined throughout 
with a soft membrane, having its inner surface studded with minute 

* VanBeneden, “Recherches surl’Anatoraie, la Physiologie, etla D^veloppement 
des Bryozoaires qiii liabitcnt la Goto d’Ostcndo” (Bulletin de TAcad. Roy. do 
Bruxelles, tom. xix.). 
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globuleSi by the acoumulation of which the polyp is ultiniately formed. 
The bud itself is hollow, and communicates with the parent stem : it 
therefore has nothing in its composition resembling that of an egg; 
neither distinct vesicle nor vitellus. The newly-formed ceU soon grows 
taller, and its lining membrane becomes thicker, indicating the first ap- 
pearance of the intestinal canal, which is at first a simple cavity 
bounded by the thickened lining of the cell. This cavity once formed, 
the development of the different organs proceeds rapidly. First there 
appears a longitudinal fold, resembling two lips, that, as they approach 
each other, divide the cavity of the body into an anterior and posterior 
compartment. The two lips, which have a valvular appearance, become 
very regularly indented along their margins, and are soon recognizable 
as the rudiments of the tentacular circle. 

(1232.) At this epoch, it must be remarked, the ;'»olyp presents two 
cavities distinct from each other ; there is a space between the walls of 
the body and the parietes of the future alimentary canal, the interspace 
being in communication with the stem of the parent polyp, and filled 
with a fluid that is analogous to the blood of higher animals ; superiorly 
this cavity likewise passes into the tentacles, and the fluid which bathes 
the exterior of the alimentary canal thus finds admission even to the 
extremities of those organs. The second cavity, which is the intestinal 
canal, has as yet no communication with the external world. As the 
formation of the tentacles proceeds, the portion which is situated in 
front of them will become the sheath, and the other part the intestine. 
As the tentacula are formed by the prolongation of the tubercles, which 
were their first rudiments, the cavity of the stomach and the rest of the 
intestinal tube gradually become apparent ; and at the same time some 
globules are visibly disposed around the cul de sac of the former viscus, 
which gradually become arranged into fibrillae, and constitute the re- 
tractor muscles, 

(1233.) When the cell has nearly reached its full development, its 
parietes become softened, and an opening is formed, which brings the 
young polyp into communication with the surrounding element. The 
Polyzoon has now attained its complete form, and can expand its ten- 
tacula ; but, as yet, there are no traces of a generative apparatus, which 
seems to be matured at a subsequent period. 

(1234.) Reproduction is likewise effected, in the Polyzoa, by means of 
true ova. The ovary in which these are developed is situated immedi- 
ately above the stomach, and is generally, found containing eggs in 
different stages of growth. In the same vicinity is situated another 
viscus, regarded by Van Beneden as the testes, his opinion being founded 
on the fact that, when a mature specimen of the animal is placed 
between two plates of glass and gently compressed, so as to rupture its 
parietes and cause the escape of the viscera, spermatozoa are easily 
discoverable in its interior. 
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(1235.) The spermatozoa exhibit considerable vivacity in their move- 
ments^ have a $sk-like body and a caudal filament^ and are propor- 
tionately of largo size. Around them may be seen multitudes of 
cellules without caudal app^dages/which are apparently young sper- 
matozoa. In some individual the spermatozoa are so numerous that 
the intestinal canal appears completely enveloped by them, and the 
whole peiiintestinal cavity seems alive with their movements, 

(1236.) In the mature ovary may be seen ova in different states 
of development, in each of which the vesicles of Wagner and Purkinje 
are distinctly visible. In ova approaching their complete maturity, an 
external vitelline membrane, or chorion, and a vitellus are perceptible, 
but the two vesicles above-mentioned have disappeared. 

(1237.) When arrived at the proper term, the ova break from their 
envelope, or ovisac, and escape into the general cavity of the body, where 
they move freely about, surrounded on all sides by spermatozoa. At 
length the eggs accumulate in the interior of the parent, near the base 
of the tcntacula ; and their expulsion is ultimately accomplished in the 
following manner, through a special orifice in the immediate vicinity of 
the anus : — When an ovum is thus about to escape, its external mem- 
brane is first seen to protrude partially through the aperture, constituting 
a sort of hernia ; the vitellus then gradually flows from the stiHonclosed 
portion of the egg into that which is external ; and when the vitellus has 
thus entirely passed out, the egg is found separated from the parent 
animal, and falls into the surrounding water. These eggs are entirely 
destitute of external cilia, and are carried off by any casual current to 
attach themselves where chance may bring them ; they are also re- 
markable for the irregularity of their shape, their form seeming to 
depend upon the pressure they have been subjected to in the interior of 
their parent. 

(1238.) In Tedkellma, Professor Van Beneden has witnessed the 
escape of upwards of twenty eggs from a single individual. They are 
of a pyriform shape, and are enclosed in a pellucid membrane, by tho 
intervention of which they adhere to each other, so that, in the interior 
of tho body of the parent Polyzoon, they have a racemose appearance, 
and when extruded spontaneously are generally united together in 
pairs. Between the vitellus and the envelope of the egg there is always 
a small quantity of a transparent whitish fluid, which doubtless repre- 
sents the albumen, while the pellucid external membrane itself is the 
chorion. ^ 

(1239.) The vitellus breaks up into granules, at first of largo size, and 
afterwards, by subdivision, of smaller and smaller dimensions, giving a 
tubcrculated appearance, like that of a raspberry, to the mass. This 
division seems to be accomplished exactly as in the ova of the higher 
animals, the yelk first separating into two, then into four, after which 
its breaking up proceeds rapidly. 
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(1240). The embryo enclosed within tho egg at first presents a 
rounded form, but soon becomes divided by an indentation into an 
anterior and posterior moiety, and vibratilo cilia become apparent upon 
tho anterior extremity. That portion upoi^ which tho cilia have made 
their appearance next insensibly enlarges, and assumes the shape of a 
funnel, while the long cilia with which it is fringed begin to keep the 
particles suspended in the water around in rapid motion. Tho margins 
of the funnel rapidly extend themselves; tho body exhibits frequent 
contractions, and at the end of about two hours little tubercles are 
apparent upon its anterior extremity, which subsequently become de- 
veloped into the tentacula. Professor Yan Beneden thinks that when 
the tentacula have become developed and furnished with their proper 
vibratile apparatus, the original cilia disappear. The formation of tho 
tentacula at once indicates which are the two extremities of the body, 
and the point by which the embryo will subsequently attach itself. 

(1241.) The embryo, when mature, is quite free, and strikingly re- 
sembles some forms of Infusoria ; but after a while a pedicle is formed, 
whereby it proceeds to fix itself to some foreign body, and thus per- 
manently assumes the aspect of its race. The pedicle seems to be 
formed from a cell, developed below the stomach, which grows directly 
outward)^ and thus completes the organization of the young Polyzoon. 

(1242.) A third form of reproduction is that by ciliated gemmules, 
common in. Ealodactylus diaphanus and other similar species having soft 
and fleshy or gelatinous poly- 
paries. These are readily 
seen in spring, when they 
appear as minute whitish 
points imbedded in the sub- 
stance of the mass; some- 
times, however, they are of 
a dark-brown colour, and 
exceedingly numerous, ap- 
pearing to occupy almost the 
entire substance of the po- 
lypary (fig. 240). If one of 
these points be carefully 
turned out with a needle 
and examined, it is found 
to consist of a transparent 
sac, in which are contained 
generally from four to six 
of tho gommules, which, as 
soon as the sac is tom, 
escape, and swim about with the greatest vivacity*. Sometimes they 
* Dr. A. Farre, Phil. Trans. 1837, p. 140. 


Fig. 240. 



Thin tranBVLTBu st'otion of Ualodaefyhis diaphamis. 
The centre occupied by cellular tissue and water; tho 
circumference formed by cells in close approximation ; 
the brown bodies scattered through the substance. 
a 0, Ppsition of the gemmules enclosed in their sac ; 
ft, one of the gemmules escaped during tho section of 
the control tissue. 
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simply rotate upon their axis, or they tumble over and over; or, 
selecting a fixed point, they whirl round it in rapid circles, carrying 
every loose particle with them ; others creep along the bottom of the 
watch-glass upon one end, with a waddling gait ; but generally, after a 
few hours, all motion ceases, and they are found to have attached them- 
selves to the bottom of the glass. At the expiration of forty-eight 
hours, the rudiments of a cell are observable, extending beyond the 
margin of the body ; but any account of their further development is 
still a desideratum. 

(1243.) Wo have hitherto only spoken of those Polyzoa whose 
habitat is the sea ; besides the marine genera, there are, however, many 
individuals belonging to this class that abound in fresh water. The 
polyparies of the Pluviatile Polyzoa are met with in ponds and 
streams, adherent to any foreign bodies which may be casually sub- 
merged*. Thus, they are found attached to stones at the bottom of the 
water ; upon the shells of Anodon, Unto, and other freshwater mollusca; 
upon leaves, more especially those of the Water-lily {Nymphoea) and 
of the Bistort (Polygonum amphihium) ; upon floating wood ; upon the 
stems of Arundo phragmites and of various other plants. Some genera 
(Ahyonella and FredericeUa) frequently agglomerate into masses of con- 
siderable size, such as might be mistaken for spongilloo. Th^ Palvdi^ 
cellce often form an inextricable interlacement of filaments, spread out 
over shells and stones, Cristatella and Lophopus are generally met 
with upon the stem of some aquatic plant, such as the Brook-lime ( Vero^ 
nica heccahunga), resembling, when examined by the naked eye, a layer 
of fluid albumen, which might easily be mistaken for the eggs of Lim- 
noms stagnalis. In order to examine these animals in a living state, it 
is necessary to leave the leaf to which they are attached for some time 
undisturbed in a glass of clear water, when they will soon bo seen spread- 
ing forth their beautiful tentacula as they protrude from their delicate 
cells. By frequently changing the water, more especially if it is rich in 
NaviculcB and Bacillarimj they may be kept alive for months, affording 
objects of continual interest for the microscope. 

(1244.) In the freshwater Polyzoa the structure of the external enve- 
lope is similar to that of the marine species, except that in no instance 
arc the fluviatile genera known to possess a calcareous polypary. 

(1245.) In CristatelU mucedo’\^ (fig. 241, 3) the polypary or external 
envelope (d) is membranous and slightly cordiform, its surface is 
tuberculated, and it is incapable of contraction. In this outer covering 
several individuals are contained; but although produced from one 

* “ Becherches sur les Bryozoairos fluTiatiles de Belgique,” par P. J. Van Benoden 
(Nouv. M6m. de I’Acad. de Bruxelles, 1847). 

t M. Turpin, “ Etude microscopique de la Cristatella mticedo, espSce de polype 
d’eau douce ” (Ann. des Sci. Nat. for 1837). Also, another memoir upon tlie same 
subject by M. P. Gervais (ibid.). 
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another, they are only aggregated, being lodged in distinct tubular 
cells. The body of each animal appears to consist of a digestive canal 
constricted once or twice in its course, and terminated by an anal orifice. 
When these creatures 


are extended, the upper 
part of the body pro- 
trudes from the cell, 
the tentacular appara- 
tus being supported on 
a kind of nock, whereon 
the mouth (a) is easily 
seen, and near it the 


Fig. 241. 



(1246.) On each side r i 

of the mouth the body | ■ [ 

divides into two arms, ^ Sv 

which, when spread Cristatella mwedo. 1. Egg, natural size. 2. Egg, magnified. 

out, resemble a horse- ? Animal after its oeoapo from the egg: 

^ ^ inga of cell; e, the stomach ; d, shell ; oihated tentaoula. 

shoe, being flattened 

and blunt ; and upon the arms are arranged about a hundred slender, 
transpar|nt, retractile tentacles, disposed on each side and upon the 
summit like the barbs of a feather, and all covered with an infinite 
number of cilia, whose action produces ’currents directed towards the 
mouth, hurrying in that direction organized particles contained in the 
water. 

(1247.) The three individuals that thus inhabit the same general 
covering are produced at two distinct generations — the two lateral being 
the offspring of the central one, derived from it by a process of gemma- 
tion ; but, when complete, they ore evidently quite separate from and 
independent of their parent, 

(1248.) The number of the tentacular appendages varies very con- 
siderably in different genera : in Paludtcella and Fredericella, which 
have the fewest, there are about twenty, while in Ahyonella, Plumatella, 
and Gristatella (fig. 241) there are as many as sixty, or even more. 
In Paludicella the arrangement of the tentacula is infundibular ; but in 
LopJiopus, AUyonella, Plumatellxi, and Cristatella (fig. 241) they assume 
the shape of a horse-shoe. In Fredericella (fig. 242) they are united 
together for one-half of their length by means of a delicate membrane. 

(1249.) The digestive apparatus in all these different genera consists 
of an oesophagus, of a stomach, which forms a cul de sac, and intestinal 
tube. The intestine is always straight, and without convolutions. Its 
cavity is separated from that of the stomach by a pyloric valve that 
completely closes the aperture ; whilst the oesophagus is in like manner 
provided with a fold, situated sometimes near its middle, sometimes at 
its lower part, that performs the office of a cardiac valve. 
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(1250.) The aliments, before admission into the stomach, accumulate in 
a cavity formed at the commencement of the digestive tube (fig. 242,/), 
which in most genera is defended by a largely developed lip (d) that 
opens and shuts like a valve ; this lip is densely covered with cilia, the 
action of which is very energetic. 

(1251.) The anus (j) is always situated at the base of the tentacular 
zone. 

(1252.) The food of the fluviatile Polyzoa consists of Infusorial 
animalcules and the microscopic Desmidieae which abound in the waters 
they frequent, and whose remains Fig, 242. 

are distinguishable both in their ^ u q m . 

stomachs and in the contents of the y M M 

intestine. They are likewise easily MMS mmSm 

made to swallow carmine, sepia, and 1 1 

other colouring substances. MtffmJSW 

(1253.) There seems to bo no 
doubt relative to the nature of the 
circulation in these animals. The 
place of blood seems to be altogether > 
supplied by the chylaqueous fluid. 

This fluid is not contained in vessels, Jft 

unless the cavities of the tubular 

tentacula be considered as such, but Aq 

moves freely in all directions around Myj 

the parietes of the digestive canal. IMi 

There is consequently neither heart 

nor any vascular system,— the chyl- 1| W |R||V 

aqueous fluid, which thus repr^- Wjui R 

sents the blood, being kept in con- fl/lllllftlJ 

tinual movement in the periintes- r-flWf ' 1 

tinal cavity by the action of tho i^,^ua^ana: i,™outh7/,ph«y„T: 
cilia that cover the exterior of the J, anal oniice. 

intestinal apparatus. It is therefore ciliary action that determines 
the course of the aliment in the interior of the alimentary apparatus, 
and of the fluid external to its waUs — the cilia thus answering tho pur- 
pose of a heart as well as of the muscular coat of the intestines. 

(1254.) All the viscera of the body being thus bathed by tho chyl- 
aqueous fluid that surroimds tho intestinal canal, they receive directly, 
through the intermedium of that fluid, both the materials for nourish- 
ment and tho means of respiration. 

(1255.) Reproduction among the freshwater Polyzoa is accomplished 
in two ways — by gemmation and by true ova. The first of these modes 


Fredericella sultana : d, mouth ; f, pharynx ; 
j, anal orillcc. 


resembles exactly what has been described as existing among the marine 
genera ; but as regards the process of oviparous reproduction, there 
are some remarkable points of diflerenco that require notice. 
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(1256.) It is now generally understood that, wherever oviparous 
reproduction occurs, there is a formation of spermatozoa ; and modern 
observations have proved the existence of these distinguishing products 
of the male sex in most genera of the ciliobrachiate polyps. Frequently 
both tho sexes are conjoined, so that there is a complete hermaphro- 
ditism ; but in some cases the sexes are separate, and the number of 
female individuals is greater than that of the males. Seeing that among 
these compound animals the blood, or its representative fluid, is common 
to an entire group, and that the ova as well as the spermatozoa arc dif- 
fused through this liquid before they are evacuated, a single male indi- 
vidual may, strictly speaking, suffice for the fecundation of the eggs of 
a whole colony. 

(1257.) But with regard to the ova themselves, a remarkable difference 
is observable between those of the fluviatile and of the marine Polyzoa. 
Among the Ahyonellas and other genera there exist two sorts of eggs — 
the one covered with vibratile cilia, capable of swimming freely about 
exactly like Inffisorial animalcules, and the other enclosed in a hard 
shell, having somewhat the appearance of the seeds of some plants. 
The first sort, without a shell, is also met with among marine species ; 
but the second seems peculiar to the freshwater Polyzoa. In Crista-- 
tella mucedoy for example, the ova are of this latter description, being 
enclosed in a dense homy shell, the exterior of which is covered over 
with sharp booklets, giving them an appearance strikingly like some of 
the Desmidiem (fig. 241, 2). This shell is probably intended to preserve 
the ova during the winter season from being destroyed by the freezing 
of the ponds in which they occur, while tho marine polyps, being sub- 
jected to no such changes of temperature, can dispense with such a 
covering. It is on this account apparently that these ova are met 
with sometimes naked, and sometimes provided with a shell ; and in 
the same way, in tho genus Paludicella (in which ova have not been 
detected), the gemmae become invested on tho approach of winter with 
a homy covering. 

(1258.) As there are thus two modes of reproduction, so are there 
two kinds of embryogenic development observable among the fluviatile 
Polyzoa ; that is to say, the polyp which is produced from an egg is 
formed in a different manner from that which is produced by tho pro- 
cess of gemmation. In the mature ovum, both tho germinal spot and 
the germinal vesicle are distinctly perceptible ; but in the nascent gemma 
the existence of neither of these elements is to be detected. According 
to tho gemmiparous mode of propagation, the young individual is formed 
by direct extension from tho tissues of the parent. In the formation 
of the embryo from an egg, there is, from the first, a complete isolation 
of tho newly-formed progeny : a vesicle or cell is formed, which, pre- 
vious to its conversion into a new individual, requires the cooperation 
of another cell, or, in other words, the ovum remains unproductive 
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unless brought in contact with the male fluid containing spermatozoa, 
whereas in geminiparous reproduction such a concurrence is by no 
means necessary ; neither germinal vesicle nor any male apparatus is 
required. 


CHAPTER XIX. 

TUNICATA* 

(1259.) The singular class of MoUusca to which the name at the 
head of this chapter has been applied' is at once distinguished by the 
remarkable character afforded by the texture of the external investment 
of the body. In their general organization the Tfiticata are very nearly 
allied to the ordinary inhabitants of bivalve shells, Vith which, both in 
the structure and arrangement of their viscera, they correspond in many 
particulars j but instead of being enclosed in any calcareous covering, 
a strong, flexible, cartilaginous or coriaceous integument forms a kind of 
bag encasing their entire body, and only presenting two comparatively 
narrow orifices, through which a communication with the exterior is 
maintained. • 

(1260.) Various are the forms under which these animals present 
themselves to the eye of the naturalist ; but the enumeration of them 
will be more conveniently entered upon hereafter. We shall therefore 
at once lay before the reader the principal points connected with the 
structure and habits of an Ascidia belonging to one of the most per- 
fectly organized families; and after examining this attentively, our 
descriptions of allied genera will bo rendered more simple and intelli- 
gible. The Ascidians are abundantly met with upon the shores of the 
ocean, especially at certain seasons of the year. In their natural con- 
dition they are found fixed to the surfaces of rocks, sea-weed, or other 
submarine bodies: frequently, indeed, they are glued together in 
bunches ; but in this case individuals are simply agglomerated, without 
organic union. Incapable of locomotion, and deprived of any external 
organs of sense, few animals seem more helpless or apathetic than these 
apparently shapeless beings, and the anatomist is surprised to find 
how remarkably the beauty and delicacy of their interior contrasts with 
their rude external appearance. In the species selected for special 
description {Phallusia nigra), the external envelope (fig. 243, a a a) ib 
soft and gelatinous in its texture, fixed at its base to a piece of coral (?), 
and exhibiting at its opposite extremity two oiifies (A, /), placed upon 
prominent portions of the body. Through the most elevated of these 
orifices (A) the water required for respiration and the materials used 
* TwnicatvA, clad in a tunic. 
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as food are taken in, while the other (/) gives egress to the ova and 
excrementitious matter. The soft outer covering is permeated by ])lood- 
vessels, which ramify extensively in it ; it is moreover covered externally 


with an epidermic layer, and lined 
within by a serous vascular mem- 
brane, which, in the neighbourhood 
of the two orifices, is reficcted from 
it on the body of the animal lodged 
inside. The creature hangs loosely 
in its outer covering, to which it is 
only connected at the two apertures 
by moans of the reflexion of the peri- 
toneal membrane above mentioned. 

(1261.) On removing a portion of 
tho exterior tunic, that in reality re- 
presents the shells of a bivalve Mol- 
lusk, the soft parts of the AiJcidian 
are displayed. Tho body is seen to 
be covered with a muscular invest- 
ment (tho mantle) (fig. 243, h h, c), 
composed of longitudinal, circular, 
and oblique fibres, which cross each 
other in various directions, so as to 
compress by their contraction the 
viscera contained within, and this 
so forcibly that, when alarmed, the 
animal can expel the water from its 
branchial sac, immediately to be de- 
scribed, in a thin continuous stream, 
sometimes projected to a distance of 
many inches. 

(1262.) Respiration is effected in 
an apparatus of very peculiar con- 
trivance, to the examination of 
which we must now request the at- 
tention of the student. A consider- 
able portion of the interior of the 
body is occupied by a circumscribed 
cavity, that opens externally by the 
orifice A; into this bag a bristle 
has been introduced in the dissec- 


Fig. 248. 



Structure of Phallusia nigra : a a a, ex- 
ternal enyelope; 66, the mantle; <?, mantle 
reflected so as to display d d,the‘ membrane 
lining the respiratory sac; c e, alimentary 
canal ; /, excretory oriflee ; g, oriflee of ovi- 
duct ; A, oral aperture ; U a piece of coral to 
which the animal is fixed; n, the anus. 
(After Hunter.) 


tion, represented in the figure (fig. 243) ; its walls are scon to he com- 
posed of a thin hut Tory vascular membrane {d d d), that has been 
partially turned back, so as to display the interior of tho respiratory 
sac. The membrane (fig. 243, d d d\ fig. 244, e), when examined 
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with a microscope, is found to be covered with a magnificent network of 
blood-vessels, formed by innumerable canals uniting with each other at 
right angles ; and moreover, when seen in a living state, its surface is 
discovered to be densely studded with vibratilo cilia, whose rapid action 
constantly diffuses fresh supplies of water over the whole vascular mem- 
brane. The respiratory cavity has but one orifice for the admission of 
water (fig. 244, «), and this is guarded by a fringe of delicate and 
highly sensitive tentacula (fig. 244, h) ; so that the water, as it is drawn 
into the body, having necessarily to pass these tactile organs, any foreign 
substances which it might contain of a prejudicial character are at once 
detected and denied admission. All the vascular ramifications spread 
over the lining membrane of the branchial chamber are connected with 
two sets of large vessels ; one of which, receiving the blood from the 
body, disperses it over the spacious respiratory surface ; while the other, 
collecting it after it has undergone exposure to the respired medium, 
conveys it in a pure state to the heart. 

(12(),‘k) The heart itself presents the simplest j^ossible form, being 
generally a delicate elongated contractile tube, receiving at one extre- 
mity the blood derived from the numerous vessels that ramify over tho, 
interior of the branchial sac, whilst at the opposite end it becomes 
gradually attenuated into tho aorta, through which it impels tjje circu- 
lating fluid and disperses it through the system. 

(1264.) The heart, above described, is extremely thin and trans- 
parent, and is lodged in a distinct pericardium, which separates it from 
the other viscera. 

(1265.) Notwithstanding this apparently simple arrangement of the 
vascular system in the Ascidians, the nature of the circulation of tho 
blood, throughout the class, is extremely curious, the action of the heart 
being completely reversed at brief intervals, and the course of the blood 
entirely changed — a phenomenon which is easily witnessed in any of 
the smaller and more transparent species, when placed under the mi- 
croscope. The contractions of the heart succeed each other with regu- 
larity ; but they are sluggish, not extending at once through the whole 
organ. The systole commences at one extremity, and is propagated by 
an undulatory movement towards tho opposite end by a sort of peri- 
staltic action. For some time the contractions succeed each diber with 
rapidity, passing on in the same course, when they suddenly cease, and, 
after a pause, recommence from the other end of the viscus. The blood, 
thus impelled alternately from behind forwards, and then in the contrary 
direction, ascends towards the branchial apparatus ; nevertheless it does 
not appear to be conducted there by closed vessels, but seems to be 
diffused between the inner tunic of tho abdomen and the viscera, where 
it flows in currents that vary in their direction as the movements of 
tho animal, or any other mechanical causes, affect their passage. The 
chief portion of the blood, however, ascenSs by the dorsal or the ventral 

2i 
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surface of the abdomen, and, after having bathed the surface of the 
viscera, gains the base of the branchial sac. When the contractions of 
the heart are directed forwards, the ascending current of blood passes 
along the anterior wall of the abdominal cavity and enters a capacious 
sinus, situated in front of the respiratory chamber, which gives origin 
on each side to n series of largo transverse vessels ; and these intercom- 
municating with each other by means of innumerable branches disposed 
vertically, a rich vascular network is formed, that, after spreading all 
over the walls of the branchial cavity, pours its blood into another 
vertical sinus situated at the opposite side of the thoracic c.avity, into 
which is likewise poured the vitiated blood derived immediately from 
the system. Lastly, the circulating fluid, again diffusing itself between 
the viscera, descends along the dorsal region of the abdomen and again 
reaches the heart. Were the circulation constant in the above direc- 
tion, as Milne-Edwards observes, it would somewhat resemble that 
of other Acephalous Mollusca. The heart might then be compared 
to an aortic ventricle, and the anterior thoracic sinus to a branchial 
vein. But, owing to the contrary directions of the currents of blood, 
due to the changing action of the heart, the vessels that during one 
minute perform the functions of veins, are in the next converted into 
arteries. 

(1260.) When we consider the fixed and immoveable condition of an 
Ascidian, and its absolute deprivation of all prehensile instruments 
adapted to seize prey, it is by no means evident, at first sight, how it 
is able to subsist, or secure a supply of nourishment adequate to its 
support ; neither is the structure of the mouth itself, or the strange 
position which it occupies, at all calculated to lessen the sui’priso of 
the naturalist who enters upon the consideration of this part of its 
(economy. The mouth, in fact, is a simple orifice, quite destitute of lips 
or other extensible parts, and situated, not at the exterior of the body, 
but at the very bottom of the respiratory sac (fig. 243, and fig. 244, r/). 
It is obvious, then, that, whatever materials are used as aliment, they 
must be brought into the body with the water required for respiration ; 
but even when thus introduced into the branchial cavity, the process 
by which they arc conveyed to the mouth and swallowed still requires 
explanation. We have before noticed that the interior of the branchial 
chamber is covered with multitudes of -Ndbratilo and closely-set cilia, 
well described by Mr. Lister*, which, by their motion, cause currents 
in the water. When these are in fiill activity, observes that gentleman 
in the paper referred to, the effect upon the eye is that of delicately- 
toothed oval wheels, revolving continually in a direction ascending on 
the right, and descending on the left of each oval, as viewed from with- 
out ; but the cilia themselves are very much closer than the apparent 
teeth ; and the illusion seems to be caused by a fanning motion given 
* Phil. Trans, for 1834, p. 378. 
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Fig. 244. 


to them in regular and quick succession, which produces the appearance 
of waves ; and each wave answera here to a tooth. 

(1267.) Whatever little substances, alive or inanimate, the current 
of water brings into the branchial sac, if not rejected as unsuitable, 
lodge somewhere on the respiratory surface, along which each particle 
travels horizontally, with a steady, slow 
course to the front of the cavity, where 
it reaches a downward stream of similar 
materials ; and they proceed together, 
receiving accessions from both sides, and 
enter at last the oesophagus, placed at the 
bottom (fig. 244, (j), which carries them, 
ndthout any effort of swallowing, towards 
the stomach. 

(1268.) The oesophagus (fig. 244, 7i) 
is short, and internfilly gathered into 
longitudinfil folds. The stomach (/) is 
simple, moderately dilated, and has its 
Avails perforated by several orificics, 
through which the biliary secretion en- 
ters its caAity. The liver is a glandular 
mass intimately adherent to the exterior 
of the stomach and the intestinal canal 
(fig. 243, e e), of variable length, and, 
more or less convoluted in different spe- 
cies, after one or two folds terminates in 
the rectum, Avhich, emerging from the 
peritoneal investment covering the intes-' 
tine, has its extremity loosely floating in 
the cavity communicating with the second 
orifice (/) : into the latter a bristle is 
introduced in the figure, having its ex- 
tremity inserted into the anal extremity 
of the digestive tube. Excrementitious 
matter, therefore, when discharged from 
the rectum, escapes from the body through 

the common excretory aperture, generally situated upon the least ele- 
vated protuberance of the outer covering*. It would seem that the 
food of Ascidians consists of very minute particles of organized matter ; 
for although small Crustacea and other animal remains have been occa- 
sionally met Avith in the branchial chamber, nothing of this nature has 
been observed in tlie stomach itself; and, as must be obAuous to the 
reader, the oral aperture seems but little adapted to the deglutition of 
bulky substances. 

* Cuvier, M^moiro sur Ics Ascidies, p. 14. 

2 I 2 



Diagram of an Asoidian, showing the 
poeition of the viscera: n, the oral 
orifice ; ft, tcntacnla guarding it ; e, d, 
nervous ganglia ; e, respiratory sac ; 

longitudinal vessel ; ft, i, ft, I, m, sto- 
mach and intestine ; o, ovary ; p, tf^rmi- 
nation of oviduct; j, common excretory 
oriflw. 
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(1269.) Tho reproductive system in these humble forms of Mollusca 
presents the utmost simplicity of parts, being composed of an ovarian 
nidus, in which tho germs of their progeny are elaborated, and a duct, 
through which their expulsion is accomplished. 

(1270.) The researches of Milne-Edwards*, however, relative to this 
part of their economy, tend to show that the structure of these creatures 
is more complex than was previously supposed ; and in Armroxmum 
Argm, one of the compound Ascidians, that indefatigable observer also 
succeeded in recognizing the presence of a male apparatus. This con- 
sists of a largely-developed testicular gland, that occupies almost all the 
lower part of the post-abdomen, and communicates with the common 
excretory cavity by means of a long filiform canal that was regarded 
by Savigny as tho oviduct. This gland is made up of a multitude 
of whitish vesicles, which, at first sight, have much the appearance of 
rudimentary eggs, but which, in reality, are found to swarm with sper- 
matozoa, thus revealing the true nature of the organ. A similar ar- 
rangement has since been detected in numerous other genera ; so that 
its existence throughout tho entire class is now no longer doubtful. 
Tho ovarium is situated in close juxtaposition with the testes. In all 
the Polyclinian group it is lodged in the post-abdomen, and posteriorly 
is hardly distinguishable from the male apparatus, but towards the 
upper part becomes easily recognizable in consequence of the size and 
colour of the ova contained within it. The eggs, of which a few only 
are developed at a time, as they issue fipom the ovigerous organ pass 
immediately into the cloaca, or even become lodged in .the lateral part 
of the thoracic chamber, between the proper tunic of this cavity and the 
branchial sac, where they remain for some time exposed to the influence 
of tho surrounding aerated medium. 

(1271.) Whilst the ova remain enclosed in tho upper part of tho 
post-abdomen, they increase considerably in size and assume a spherical 
form ; the yelk acquires a deep-yellow colour ; and the vesicle of Pur- 
kinje, which was distinctly visible during the commencement of their 
development, disappears, and is replaced by a cloudy spot, which appears 
to be the blastoderm, or proligerous layer, from which proceeds the 
embryo of the young Ascidian. 

(1272.) 'During incubation the egg acquires more of an oval form, 
the vitelline mass seems to, contract, and its surface, growing denser, 
appears to become organized into a membrane which is distinct from 
the more deeply-seated substance of the yelk, and gradually the 
whole becomes moulded into something like the shape of a tadpole 
(fig. 245, a), the anterior extremity of which is surmounted with a 
sort of tentacular apparatus; and on tho bursting of the egg, this 
embryo, by means of its long tail, swims about in the water with con- 
siderable vivacity ; after the lapse of a few hours, however, the little 
* “ Observations sur les Ascidies compos^es,” M6m. de I’Acad. tom. xviii. 
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creature, in size not yet larger than the head'of the smallost pin, fixes 
itself to some foreign object by means of one of the little suckers 
situated on the anterior e;^treinity of its body, and permanently loses 
all capability of locomotion. 

(1273.) Having thus fixed itself for life, the larval Ascidian soon 
begins to change its form (fig. 245, b). The anterior extremity of 
its body becomes expanded, the tentacular appendages disappear, the 
central portion of the tail becomes retracted into the central mass. 


Fig. 245. 



Larva ami progressive stages of metamorphosis in an Ascidian Mollusk.^ 


and, lastly, the tail itself, which was at first such an important loco- 
motive agent, gradually withers away, until no traces remain of such 
an orgjin having existed (fig. 245, c, n). 

(1274.) From the above description of the development of the young 
Ascidians, it appears that during tho first part of their existence, they 
are solitary and isolated animals, although at a later period they are 
found united into numerous colonics, either connected together by 
means of a creeping common stem, or associated into a compact mass 
by a tegumentary tissue wherein tho entire colony is arranged after a 
certain order, or regular pattern, which is constant in each species ; and 
the manner in which this is effected thus presents itself as a problem 
possessing considerable interest. 

(1275.) Savigny, while prosecuting his dissections of the Botrylli, 
had remarked, situated upon the borders of the stellate groups formed 
by the association of individuals belonging to that genus, a multitude 
of membranous tubes, slightly dilated at their extremities, to which ho 
gave the name of the marginal tubes, at the same time pointing out their 
existence in other families, but without entering into any details con- 
cerning the relations existing between them and the associated Ascidians 
contained in the tegumentary mass. Milne-Edwards, however, ascer- 
tained, by the examination of transparent groups of these creatures 
whilst in a living state, that each of these canals is at first a little 
tubercle, developed from tho surface of the abdominal portion of the 



486 


TUNICATA. 


inner tunic of an adult Ascidian. This tubercle becomes elongated l)y 
growth into a tube, the extremity of which is closed, but free, while 
its internal cavity communicates freely by. the opposite end with the 
abdominal cavity of the Ascidian from which it originally sprouted ; so 
that the blood circulating in the latter easily penetrates into the coccal 
appendage, wherein an active circulation is kept up. Generally speak- 
ing, in proportion as these marginal tubes advance into the common 
tegumentary tissue around them, they divide into several branches, and 
the extremity of each of them becomes inflated and claviform ; soon 
there appears, towards the summit of each terminal swelling, a small 
granular mass wherein the forms of an Ascidian gradually devolope 
themselves, and which in time becomes a new animal, resembling those 
already existing in the common mass, of which it is destined itself to 
become a new inhabitant. Ultimately the communication between the 
parent and the young individual becomes obliterated; but still the 
newly-formed animals, thus derived from the same parent, remain for 
some time united by their pedicle ; and, apparently, to this circumstance 
their mode of arranging themselves in groups is due. 

(1276.) The ovaiy is a whitish glandular mass, imbedded with the 
liver among the folds of the intestine ; its position in fig. 243 is indi- 
cated b j the letter m ; and at o, fig. 244, it is seen separated from the 
surrounding structures. The oviduct, which is occasionally very tor- 
tuous, accompanies the rectum, and terminates near the anal aperture 
(fig, 243, m, fig. 244, y)) ; so that the ova ultimately escape through the 
common excretory orifice. 

(1277.) Since the publication of the former editions of this work, 
important additions have been made to our knowledge relative to the 
generative system of the class under consideration, and a distinct ms^dc 
apparatus, the existence of which was formerly denied, has been satis- 
factorily described by many skilful observers. The arrangement of those 
organs, as they exist in Cynthia amjynUa, dissected by Van Benedcn, is 
shown in the accompanying figure (fig. 246, a, n). In this species the 
sexual parts appear at first sight to form but a single organ, imbedded 
in a fold of alimentary canal (a, h ) ; but by the assistance of a micro- 
scope, this is rca4ily seen to consist of two portions— one male, and the 
other female, J!h.e testicle (c) surrounds the base of the ovary, and is 
distinguishable by its milky- white colour; its substance is entirely 
made up of innumerable short convoluted cteca, visible to the naked eye, 
and resembling the seminiferous tubes of many of the higher animids. 
Three or four glandular prolongations (/) arise from the surface of this 
organ, which are hollow internally, and contain a milky fluid which is 
poured into the cloaca, and which the microscope reveals to be almost 
entirely composed of spermatozoa with disciform heads and filamen- 
tary tails. The ovary is of a dark colour, and is imbedded, as it Avere, in 
the testes ; its oviduct (p) opens into the cloaca by the side of the anus. 
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(1278.) In Ascidia grossularia, the eggs, as seen through the walls 
of* the ovary, are of a fine red colour, and are contained in separate sacs; 
so that the ary w^hen distended resembles a buncli of grapes. By 
the side of tlie ovary is another series of sacculi (fig. 246, n, h), the 
contents of which abound with spermatozoa, intimating their identity 
with the male apparatus above described. 


Fig. 246. 



B A 

Generative system of Cynthia ampulla. 


(1279.) Deprived as these animals are of any of the higher organs 
of sense, and almost cut off from all relation with the external world, 
we can look for no very gi-eat development of the nervoui^ centres. 
Tliere is one ganglion, however, lodged in the substance of the mantle, 
distinctly recognizable, situate in the space between the branchial and 
excretory openings, from which large nerves are given off ; but of other 
(h^tails connected with the nervous system of the Tiiniciita little has 
been made out. 

( 1280.) In the seas of tropical latitudes, many forms of Tunicated 
l^Iollusca are met with abundantly which, although allied to Ascidians in 
the main points of their economy, present certain peculiarities of stnic- 
ture that rcMiuire brief notice in this place. These, grouped by authors 
under the general name of MjtWf are many of them so transparent 
tliat their presence in a quantity of sea- water is not easily detected ; 
and their viscera, if coloured, are readily distinguishable through their 
translucent integument, which in texture seems to be intermediate 
between cartilage and jelly. The body is oblong, ^d open at both 
extremities, the posterior opening being very wide, and furnished with a 
crescentic valve, so disposed that water is freely drawn into the interior 
through this aperture, but cannot again be expelled by the same chan- 
nel ; so that, being forced by the contractions of tho body in powerful 
gushes from the opposite end, it not only supplies the material for 
respiration, but impels the delicate animal through the water in a back- 
■ward direction. The branchial chamber of Ascidia is consequently in 
this case represented by a wide membranous canal, which traverses the 
body from end to end ; but, instead of the network of vessels lining the 
respiratory sac of Ascidians, a singular kind of branchial organ is placed 
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within it. This consists of a long vascular riband attached by both its 
extremities to the walls of the canal, through which the water rushes ; 
and of course, being freely exposed to the influence of the surrounding 
medium, the blood contained in this curious branchial apparatus is per- 
petually renovated, and afterwards distributed, by a heart resembling 
that met with in the genus last described, to all i)arts of the body. 

(1281.) The viscera, which occupy comparatively a very small space, 
are lodged in a distinct compartment between the membranous respira- 
tory channel and the external gelatinous investment, or soft shell, as we 
might properly term it. The mouth is a simple aperture, situated near 
the upper extremity of the branchial organ ; and probably, as in AscuUa, 
ciliary currents rushing over the respiratory surface bring into it a 
sufficient supply of nutritive molecules. The stomach is capacious, and 
covered with parallel rows of large white filaments, that seemingly 
represent the liver; and the alimentary canal, which is perfectly 
simple, runs to the posterior extremity of the animal, and terminates 
there by a wide openiag*. Two oblong bodies, each consisting of a 
granular substano^^lc^ ventral surface of the body, lodged 

between the extex^tai^ liltofW^membranes ; these, no doubt, are the 
ovaria, and form arepr^uctitet^Bystem-as devoid of complication as that 
of the sejsile Asci^ans. 

(1282.) A very remarkable feature in the history of these animals is 
that many species arc found swimming together in long chains, appa- 
rently adhering to each other by ‘little suckers, but without organic 
connexion ; and, what is still more strange, it would appear, from the 
observations of M. de Chamissof, that such aggregated animals give 
birth to insulated individuals of very different appearance, which in 
their turn reproduce concatenated forms resembling their progenitors ; 
so that the alternate generations are quite dissimilar both in conforma- 
tion and habits. 

(1283.) The observations of Chamisso have in later times been 
substantiated and carried but by the researches of Krohn, Stcenstrup, 
Eschricht, jyipEie-JEdFards, and others ; and the phenomena connected 
with the proeess aife so interesting that it will be nccessaiy to lay before 
the reader a Ibi^^^tyact of the result of their labours. 

(1284.) The fill viviparous, and each species is propagated 

by an alternate ^^Ifebesision of generations most dissimilar from each 
other in their forms, Jiabits, and mode of increase. The concatenated 
Salpse produce but a smgle egg apiece, which is distinctly visible in 
the interior of their transparent bodies ; they seem, moreover, to be 
bisexual, having, as it would appear, two generative functions to per- 

* For excellent drawings representing the anatomy of various Sa^cs, the reader 
is referred to the Descriptive and Illustrated Catalogue of the Physiological Series 
of Comparative Anatomy contained in the Museum of theEoyal College of Surgeons 
of England, vol. i. plates 6 & 7. t Dissert, de SalpA., Berlin, 1830. 
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form — the one to produce a new" being, the other to fecundate a future 
generation of animals similar in all respects to themselves. But whilst 
the isolated Salpians are thus produced from eggs, their progeny are 
produced by a process of gemmation, springing like buds from the sur- 
face of a most remarkable organ, the stolon jproliferf the existence of 
which is to be detected in the isolated Salpee even while contained in 
tlie body of their concatenated parent ; it then appears a slender fila- 
ment, derived by one extremity immediately from the heart of the 
embryo Tunicary ; after birth, however, its growth increases apace in 
proportion to the development of the continual succession of progeny to 
which it gives origin. The reason of the immediate connexion between 
the stolon proliferum and the maternal Heart appears to bo this, 
that the newly-formed offspring being entirely dependent for support 
upon the blood of the parent, it is so situated in order to secure a free 
supply of the vital fluid, which is thus injected into its vessels imme- 
diately by the heart’s action. Two vessels traverse it throughout its entire 
length, one derived from the anterior extremity* lof. the. maternal heart, 
and the other from its opposite end; so that thehjiwiditlpplied to one of 
these vessels by the contraction of thtf by the other ; 

and when the contractions of the heart l^j^iheC^Vigrscd, as wc have seen 
is continually the case by this ai5rtmgeraent,tite circulation in thesg vessels 
is readily adapted to the change.* It is from the surface of the stolon 
that the generation of concatenated Salpee sprout, in two parallel rows, 
appearing in rapid succession like so many little buds, which, as their 
growth advances, gradually assume a similar form and structure ; and 
as successive groups become mature, detaching themselves from the 
nidus where they had their birth, they swim away united in long 
chains, the links of which are joined together after the fashion of the 
species. On examining one of these chains of concatenate SalpsB, the 
individuals composing it are found to bo united to each, not by any 
organic coalescence, but by special organs and facets of‘ attachment, 
frequently, but improperly, described as suckfers, the position of which 
varies in different species in accordance mth their mpd.e of aggregation. 
It would appear, from the observations of M. KrohnJ that the concate- 
nated Salpiu cannot spontaneously detach thomselvfl, each other, 
and that, when individuals arc met with swimm^ ihek separation 
from the chain is always to bo ascribed to accidental tidjenco ; he even 
thinks that concatenation is so essential to theexistence of the animals 
that they soon perish if separated from the rest. 

(1285.) The lust families of Tuuicata which we have to notice would 
seem to constitute a connecting link between the Ascidians and the 
PoLYzoA, which latter in many points of their anatomy they much 
resemble. These animals generally are exceedingly minute, and indi- 
vidually present an organization analogous to that of Ascidians. At 
first it woidd appear that they are detached from each other, and, like 
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Salpce, arc endowed with a power of locomotion ; but subsequently they 
become aggregated in groups, either incrusting foreign bodies, or else, 
uniting together to form a mass of definite shape, they seem to enjoy, to 
a certain extent, a community of action. They are arranged by Cu\ier * 
in three principal groups, distinguished by the following characters. In 
the first (Bofri/lhis'f), the little bodies of the individual animals arc 
ovoid ; but they fix themselves upon the exterior of sea-weed or othei’ 
substances in regular bunches, consisting of ten or twelve, arranged 
like the rays of a star around a common centre. The branchial orifices 
in such are all placed around the circumference of the star, while tlie 
excretory apertures open into a common cavity in tlie centre. If the 
external orifice is irritated, the animal to which it belongs alone con- 
tracts ; but if the centre be touched, they all shrink at once. 

(128().) In the second family, the animals arc aggregated 

togctlier in great numbers, so as to form a hollow cylinder, open at one 
end, but closed at the opposite, which swims in the sea by the combined 
contractions and dilatations of aU the individuals composing it. The 
branchial sacs here open upon the exterior of the cylinder, while tlie 
anal orifices are in its internal cavity. Thus a rt/rosoma miglit be 
described as consisting of a great number of stars of Botrt/JU jiiled one 
above t^^e other, the whole mass remaining free and capable of locomo- 
tion. Many of these moving aggregations of Tunicata emit in the dark 
a most brilliant phosphorescent light, whence the derivation of the 
name by which they are distinguished. 

(1287.) In all otlicr forms of these aggregated Mollusca, which arc 


designated by the general name of PoIyclimim§, as in ordinary Asci- 
dians, the anus and branchial orifices are approximated, and placed at 
the same extremity of tlie body. They are all fixed ; some spreading 
like fleshy crusts over submarine substances, others forming conical or 
globular masses, or occasionally so grouped as to produce an expanded 
disk resembling a flower or an Actinia; but, whatever the general 


arrangement of the common mass, it is composed of numerous asso- 
ciated indi^^ak, every one of them corresponding more or less closely, 
as regards t&if miernal structure, with the description above given of 
the orgam^l^Pl. o||3a^as Jn Ascidians. 


} irvp 


|ji. j068. t fiorpvi', a bunch of grapes, 

a body. § ttoX^s, many ; a bed. 
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CHAPTER XX. 

(^ONCHIFERA (Lamarck). 

Acepiiales testaces (Cuvier). 

(1288.) The great majority of MoUusks which inhabit bivalve shells 
constitute a very numerous and extensive class, distinguished by certain 
clifu-iicters poss(!ssed by them in common. Encased in dense and massive 
covoi’ings of such construction as to preclude the possibility of their 
maintaining more than a very imperfect intercourse with the external 
world, and deprived even of the means of communication with each 
other, we might naturally expect their organization to correspond in its 
geu(;ral lec1)lencss with the circumscribed means of enjoyment and 
limited capabilities of locomotion allotted to them. Numerous species, 
indeed, are from the ])criod of their birth firmly fixed to the rock which 
gives them support, by a calcareous exudation that cements their shells 
to its surface, as is fiimiliarly exemplified in the case of the common 
Oyster ; or else, as the ^Cussels, anchor themselves securely and im- 
movc’ably by unyielding cables of their own construction. Tlie Scallop, 
unattached, but scarcely better adapted for changing its position, rudely 
ria])s together the valves of its expanded shell, and thus by repeated 
jerks succeeds in effecting a retrogressive movement ; while the Cockles, 
destined to burrow in the sand, arc furnished with a tonguc-like foot, 
by which they dig the holes wherein they lie concealed, and crawl, or 
even leap about, upon the shore. Many, as the Pholades, penetrate the 
solid rocks and stones, and excavate thciein the caverns that they in- 
habit ; or, in the case of the Teredo j with dangerous industry bore into 
the bottoms of ships or submerged wood of any description, and silently 
destroy by their insidious ravages the piers or dykes which human 
labour has erected. 

(1289.) Following our usual custom, we shall selej^t fo|: examination 
one of the most simply organized bivalves for the purpose^fllustrating 
the general structure which characterizes th^^class ;si%n^lone common 
Scallop {Pectm Jacobcea) we have a species the 

principal features of their economy. On sepan^i^l^Mi two valves of 
the shell in the animal before us, we at onde *^^eive that each is 
lined internally with a thin and semitransparentliii^brane (fig. 247, a, A), 
which, like the shells, encloses the body of thehinollusk in the same way 
that the leaves of a book are contained betweeil its covers. The circum- 
ference of these outer membranes, which ibrm the mantlej is, in this 
case, quite free and unconnected, except in the immediate vicinity of the 
hinge that unites the two valves. The borders of the mantle are 
thickened, and surrounded with a delicate fringe of retractile filaments ; 



492 


CONCHIFERA. 


they moreover present a decidedly glandular appearance, and secrete 
colouring matter of various tints, similar to those seen upon the exterior 
of the shell : the glandular margins of the mantle form, in fact, the 
apparatus by which the extension of the shell is effected ; and by them 
its outer layer is secreted, and in many cases painted with gorgeous 
hues, as will bo explained more at length hereafter. 


Fig. 247. 



Pecten Jacobea. 

(1290.) Between the lobes*of the mantle are seen the branchise (6, ^), 
always consisting of four delicate leaves, composed of radiating fibres 
of exquisite structure, and generally attached to the circumference of 
the body by their fixed extremities, but elsewhere perfectly free, so as 
to float loosely in the water, which finds free admission to them. The 
mouth (Z)^is situated between the two inner laminoe of the branchiae, in 
a kind of hqgd formed by the union of the gills at their origin ; it is a 
simple orifi^^SvithoutT^i kind of dental apparatus, but bordered by 
four thin and m6mbr||i]io^jjps (^) placed on each side of the aperture. 

(1291.) which are opened by the elasticity of a com- 

pressible ligamentTin^^osed between them at the hinge, are closed by 
the contraction of a ppw^rful muscle (c), which passes directly from one 
to the other, and around this adductor muscle the viscera of the body 
are disposed : the stomach, liver, and generative system are imbedded in 
the mass (cZ, e,f) ; the convolutions of the intestine may be traced occa- 
sionally (n, o) ; and the termination of the rectum (m) is visible exter- 
nally, situated upon that side of the adductor muscle which is opposite 
to the mouth. In the neighbourhood of tho oral aperture is placed a 
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retractile fleshy organ (/), which, although in Pecten it exhibits very 
rudimentary dimensions, expands in other species to such a size as 
richly to merit the name oi foot usually applied to it. 

(] 292.) Whoever for a moment reflects upon the arrangement of the 
branchial apparatus, and the position of the oral orifice, consisting, as it 
does, of a simple aperture unprovided with any prehensile organs, must 
perceive that there arc two circumstances connected with the economy 
of a Conehiferous Mollusk, and those not of secondary importance, by no 
means easily accounted for. It is, in the first place, absolutely essential 
to the existence of these animals that the element in immediate contact 
with the respiratory surfaces should bo renewed as rapidly as it becomes 
deteriorated ; or suffocation would inevitably be tho speedy result of an 
inadequate supply of fresh and aerated water — to secure which, espe- 
cially when tho valves of the shell are closed, no adequate provision 
seems to exist. Secondly, it is natural to inquire, how is food con- 
veyed into the mouth ? for in an animal, itself fixed and motionless, and 
at tho same time, as in the case of tho creature we are now considering, 
quite deprived of any means of seizing prey, or even of 2 )rotruding any 
part of its body beyond tho margins of its abode in search of provision, 
it is not easy to imagine by what procedure a due supply of nutriment is 
secured. Wonderful, indeed, is the, elaborate mechanism emi)Jpyed to 
effect the double purpose of renewing, the Irespired fluid, and feeding tho 
helpless inhabitant of these shells. SSyeijy filament of the branchial 
fringe, examined under a powerful xt^cid^ieopo, is found to be covered 
with countless cilia in constant vibration, causing by their united 
efforts powerful and rapid currents, which, sweeping over the entire 
surface of the giUs, hurry towards the mouth whatever floating animal- 
cules or nutritious particles may be brought within the limits of their 
action, and thus bring streams of nutritive molecules to the very aper- 
ture through which they are conveyed into the stomach, — the lips and 
labial fringes acting as sentinels to admit or refuse entrance, as the 
matter supplied bo of a wholesome or pernicious character. So energetic, 
indeed, is the ciliary movement over the entire extent of the branchial 
organs, that, if any portion of tho gills be cut off with a pair of scissors, 
it immediately swims away, and continues td row itself in a given direc- 
tion as long as tho cilia upon its surface continue their mysterious 
movements. 

(1293.) Our next investigations must be cojiceming the internal 
anatomy of the Conchifbrous Mollusca. In the Oyster, tho general 
disposition of the body resembles that of the Pecten described above ; 
and the mouth, enclosed between two pairs of delicate lips, occupies a 
similar position at tho termination of the branchial lamella}. In this 
well-known moUusk the oesophagus is extremely short, so that the 
mouth appears to open at once into the stomadial cavity (fig. 248, a), 
which is imbedded in the substance of the liver (t^), — tho biliary 
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secretion being poured into the stomach itself through several large 
orifices, represented in 
the figure. A very pecu- 
liar arrangement exists 
in the stomachs of many 
genera, the digestive 
cavity being prolonged 
in one direction, so as 
to form a lengthened 
caecum, or blind sac- 
culus, wherein is lodged 
a cartilaginous styliform 
body, the use of which 
is not easy to conjecture, 
although its office is no 
doubt connected in some 
way or other with the 
preparation of the food. 

The liver is proportion- 
ately of largo dimen- 
sions, a]^d is at once re- 
cognized by its greenish 
or, in some cases, dark chocolate colour ; it is entirely separable into 
masses of secerning follicles loosely connected together by a delicate 
ocllulosity. The intestine varies considerably in extent, and, as a 
necessary consequence, in the arrangement and number of its convolu- 
tions. In the Oyster it is comparatively short, bonding twice upon 
itself, and winding around the stomach and adductor muscle {b, c, djf) ; 
its termination {g) projecting between the folds of the mantle upon the 
opposite side of the body to that where the mouth is situated, and so 
disposed that excrementitious matter is cast out beyond the infiuence of 
the ciliary currents. In Pecten w’^e have already noticed that it performs 
sundry gyrations through the visceral mass, as well as about the muscle 
that closes the shell (fig. 247, e, n, m) ; while in the Cockle-tribes it 
even penetrates the base of the foot and winds extensively through 
its muscular substance (fig. 253). In the greater number of the Con- 
chifera, but not in the Oyster-tribe, there is a very remarkable circum- 
stance connected with the course of the intestine, the object of which is 
involved in obscurity : the rectum, at some distance from its termina- 
tion, passes right through the centre of the ventricle of the heart, its 
coats being tightly embraced by the muscular parietes of that viscus. 

(1294.) The position of the branchiae in the Ostracean family has 
been already described ; it now remains therefore to notice their inti- 
mate structure, and the arrangement of the vessels connected with 
respiration and the eirculation of the blood. The branchial fringes arc, 


Fig. 24H. 



Alimentary canal of the Oyster (Osirea ediUin). 
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of courses ossoiitially vjiscular in their composition, bcm<^, in fact, made 
up of imiumcrablc clclicato parallel vessels enclosed in cellular tissue of 
extreme delicacy, and exposing a very extensive surface to the influence 
of the respired medium. The countless branchial canals through which 
the blood is thus distributed terminate in large vessels enclosed in the 
stems to which the fixed extremities of the vascular fringe are attached 
(fig. 249, /, g, h, i ) ; these communicate extensively with each other, 
and, ultimately uniting in two principal trunks (e, Ic), pour the purified 
blood derived from the whole branchial apparatus into the auricle of the 
heart. 

(1295.) The heart in the Oyster (fig. 248, w, o) is situated in a cavity 
between the folds of the intes- 
tine and the adductor muscle, 
in which position, from the 
dark-purple colour which it 
exhibits, it is at once distin- 
guished. It consists, in the 
species we are more particu- 
larly describing, of two distinct 
chambers — an auricle and a 
ventricle. The auricular cavity 
(fig. 249, />»),the walls of which 
are extremely thin, and com- 
posed of most delicate fasciculi 
of muscular fibres, receives the 
blood from the respiratory ap- 
paratus, and by its contraction 
transmits it through two inter- 
mediate canals (c) into the 
more muscular ventricle (d), 
whence it is propelled through 
the body by the ramifications 
of the arterial system {n, o,p). 

(129(1) The above description of the circulatory apparatus as it 
exists in the Oyster is applicable in all essential points to every family 
of Conchiferous Mollusca ; but there are important modifications in the 
structure of the heart and arrangement of the blood-vessels, met with in 
diftbrent genera, which now demand our attention. Most generally, in 
consequence of the broad and dilated form of the animals, instead of a 
single auricle, such as the Oyster has, there arc two auricular cavities, 
one appropriated to each pair of branchial lamella;, and placed symme- 
trically on the two sides of an elongated fusiform ventricle, into which 
both the auricles empty themselves, till the course of the blood is 
similar to what we have described above. 

(1297.) A still greater modification is found to exist in those species 


Fig. 249. 



IToart and respiratory system of the OystcT. 
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most remarkable for their breadth. In for example, there are 
not only two auricles, but two ventricles likewise, placed upon the 
opposite sides of the body ; that is, there is a distinct heart appropriated 
to each pair of gills, — each receiving the blood from the brancliia) to 
which it belongs, and propelling it, through vessels common to both 
hearts, to all parts of the system. 

(1298.) We must now, before entering upon the description of other 
families of CoNCHiii-EEA, examine the character of the locomotive appa- 
ratus with which those possessed of the power of moving about arc 
furnished. The instmmont employed for this purpose is a fleshy organ 
appended to the anterior part of the body, called the foot : but of this 
apparatus, for obvious reasons, no vestige is met with in the fixed and 
immoveable Oyster; and even in the Scallop we have seen only a rudi- 
ment of such an appendage. When largely developed, as in Mactra 
(figs. 250 & 251), the foot forms a very important part of the animal, 
and becomes' useful for various and widely-difierent purposes. In 
structure it almost exactly resembles the tongue of a quadruped, being 
entirely made up of layers of muscles crossing each other at various 
angles — the external layers being circular or oblique in their disposi- 
tion, while the internal strata are disposed longitudinally. In the 
Cockle- tribe {Gardium)iih^ organ attains to a very great size; and on 
inspecting the figure given in a subsequent page, representing a dissec- 
tion of the foot of Cardium rustimm (fig. 253), the complexity of its 
muscular structure will be at once evident, and the disposition of the 
several layers composing it more easily understood than from the most 
elaborate verbal description. 

(1299.) Diverse arc the uses to which the foot may be turned. It is 
generally used for burrowing in the sand or soft mud ; and, by its con- 
stant and worm-like action, those species in which it is largely deve- 
loped can bury themselves with facility, and make their way beneath 
the sand with a dexterity not a little remarkable. Perhaps the most 
efficient burrowers met with upon our own shores are the Razor-shells 
(Solenidce), in which family the fleshy foot attains to enormous propor- 
tions ; and the rapidity of their movements beneath the soil will bo 
best appreciated by those who may have watched the manner in which 
the fishermen effect their capture. 

(1300.) The Solen excavates for itself a very deep hole in the sand, 
boring its way by means of its foot to a depth of some feet, and remains 
concealed in this retreat, usually occupying a position within a few 
inches from the surface. The fisherman, armed with a slender iron 
rod furnished with a barbed head, resembling a harpoon, treads care- 
fully backwards over the beach left bare by the retreating tide, and 
fini the holes in which Solen lodges by watching the little jet of 
water thrown out by the animal when, being alarmed by the shaking 
of the sand, it contracts its body. Guided by the orifice through which 
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the water is thrown, ho plunges his rod into the sand, and generally 
succeeds in piercing the animal with the barbed extremity, and drag- 
ging it from its concealment ; but should ho fail in his first attempt, 
he well knows that to try again would be unavailing, for the animal 
instantly works its way down to such a distance as to render pursuit 
hopeless. 

(1301.) ]3ut, however efficient as a means of burrowing the foot may 
be, it can be turned to other purposes. The Pholades, for example, by 
some means, either of a mechanical or chemical nature, not as yet pre- 
cisely determined, excavate the solid rocks, and form therein chambers 
in which they pass their lives. In such genera, the foot, which would 
be useless as a boring instrument, by being simply transformed into a 
broad and flat disk becomes a powerful sucker, whereby the Pholas 
fixes itself to the walls of its apartment in any convenient situation. 

(1302.) In many of the Cockle- tribe wo find the foot converted into 
an instrument of locomotion of a very singular description, enabling the 
cardiaceous Conchifera to leap by bounds we should scarcely expect 
animals so imwieldy to be capable of executing. For this purpose the 
end of the foot is bent, and placed firmly against the plane of support, 
in the position represented in fig. 252 ; when thus fixed, a sudden 
spring-like action of the muscles of the foot throws the cockle jpto the 
air, and, by a repetition of these exertions, the creature can skip about 
with surprising agility. 

(1303.) But the most extraordinary office assigned to the foot in the 
class under consideration is the manufacture of homy threads, whereby, 
as by so many anchors, the MoUusca thus provided fix themselves 
securely to foreign bodies, and that so firmly, that extraordinary vio- 
lence is requisite to wrench such animals from the place where they 
have fixed their cables. The marine Mussel is a well-known example 
of a hyssiferous Mollusk ; and from this species, therefore, we shall draw 
our description of the organs by which the tough filaments referred to 
are secreted. 

(1304.) The foot in the Mussel is of small dimensions, being useless 
as an instrument of progression. By its inferior aspect it gives attach- 
ment to the homy threads of the byssus, which are individually about 
half an inch in length, or as long as the foot itself, by which, in fact, 
they are formed in a manner quite peculiar to certain families of 
Conchifera — ^no other animals presenting a secreting apparatus at all 
analogous, either in structure or office, to that with which these creatures 
are provided. The manner in which the manufacture of the byssus is 
accomplished is as follows ; — A deep groove runs along the under surface 
of the foot, at the bottom of which thin homy filaments are formed by 
an exudation of a peculiar substance, that soon hardens and assumes 
the requisite tenacity and firmness. While still soft, the Mussel, by 
means of its foot, applies the extremity of the filament, which is dilated 
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into a kind of little sucker, to the foreign substance whercunto it wishes 
to adhere, and fastens it securely. Having accomplished this, the foot 
is retracted ; and the thread, of course, being drawn out of the furrow 
whore it was secreted, is added to the bundle of byssus previously 
existing, all of which owed its origin to a similar process. 

(1305.) Sometimes, instead of the numerous thin filaments met with 
in the Mussel, the byssus consists of a single, thick, homy stem ; while 
in other cases, as, for example, in Pinna, the threads are so numerous, 
soft, and delicate, that they are not unfrequently spun like silk, and 
manufactured into gloves and other small articles of dress not unfre- 
quently met with in the cabinets of conchologists. 

(1306.) Taking a more general view of the Conchiferous Mollusca 
than we have hitherto done, we shall now proceed to consider the 
mechanism for opening and closing the valves of the shell in which they 
reside, — an operation effected in a very simple and elegant manner. 

(1307.) The shells are connected posteriorly by means of a hinge, 
differently constructed in different species. In the Oyster we have an 
instance of the most simple kind of junction. In these Mollusca, a 
mass of elastic ligament, composed of perpendicular and parallel fibres, 
is interposed between the posterior edges of the shell, and so disposed 
that, by closing the shell, the ligamentous mass is forcibly compressed, 
while at the same time its resiliency is such that, immediately the 
compressing power is withdrawn, it expands, and thus forms a simple 
spring calculated to keep the valves apart and cause their separation to 
a greater or less extent. 

(1308.) The antagonist to this elastic force is the addmtor muscle 
(fig. 247, c), a fleshy mass of very great strength, the fibres of which 
pass directly from one valve* to the opposite. The adductor muscle, 
although in this case single, consists of two portions of different texture 
(fig. 248, 1, m ) ; so that it would appear to be formed by two muscles 
closely approximated so as to compose a single powerful mass adapted 
to keep the valves in contact, with a force proportioned to its massive 
size. All those species having a single muscular mass, such as the 
Oyster and Pecten, have been grouped together by conchologists under 
the general name Moxomyakia, while another and more numerous 
division, Dimyaria, is characterized by having two adductor muscles, 
distinct and widely removed from each other. The Mussel-tribe and 
many others are examples of this arrangement, which is represented in 
subsequent figures. 

(1309.) Simple as the structure of the hinge is in the Ostracea, in 
other Bivalves it frequently exhibits far greater complexity, and the 
opposed valves present prominent elevations and deep fossae which lock 
into each other, and thus form a very secure articulation of great strength 
and solidity. In such cases the arrangement of the clastic ligament for 
opening the valves is slightly modified, being placed externally instead 
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of within the shell, but its action in antagonizing the adductor muscles 
is still equally efficacious. 

(1310.) We must, in the next place, solicit the attention of the reader 
to a very important subject connected with the economy of this class 
of MoUusks, viz. the growth and formation of their shells. Infinitely 
diversified are the forms presented by their testaceous valves, and 
equally various the colours which not unfrequently adorn their external 
surfaces. Some exhibit a beauty and delicacy of sculpture of a most 
exquisite character ; others, covered with large spines, or festoons of 
calcareous plates, puzzle the beholder to comprehend how the ^owth of 
such parts, in the situations which they occupy, can be effected with so 
much regularity of arrangement. The shells themselves are permeated 
by no vessels, and as incapable of expansion by any internal power as 
the rocks to which they are not uncommonly attached ; so that the young 
naturalist is necessarily at a loss to conceive either the mode of their 
formation, or the origin of all the gaudy tints and external decorations 
that render them the ornaments of our cabinets. 

(1311.) The simple apparatus by means of whiqh shells are con- 
structed is the external membranous layer that invests the body of the 
mollusk — the mantle, as it has been termed ; and, whatever the form 
of the shcU, it owes its. origin entirely to this delicate organ. ^ 

(1312.) In order to simplify as much as possible our desenption of 
the process whereby the shell is formed, it will be necessary to consider 
it under two points of view : first, as relates to the enlargement of the 
valves in longtli and breadth ; and secondly, as regards tlieir increase 
in thickness, — very different parts of the mantle being employed in the 
attainment of these two ends. 

(1313.) It is the circumference, or thickened margin, of the mantle 
alone which provides for the increase of the shell in superficial extent. 
On examining this part (fig. 247, h ; fig. 248, c), it is found to bo of 
a glandular character, and moreover not unfrequently provided with a 
delicate and highly sensitive fringe of minute tcntacula. Considered 
more attentively, it is seen to contain in its substance patches of dif- 
ferent colours, corresponding both in tint and relative position with 
those that decorate the exterior of the shell. 

(1314.) When the animal is engaged in increasing the dimensions of 
its abode, the margin of the mantle is protruded, and firmly adherent 
all round to the circumference of the valve with which it corresponds. 
Thus circumstanced, it secretes calcareous matter, and deposits it in a 
soft state upon the extreme edge of the shell, where the secretion 
hardens and becomes converted into a layer of solid testaceous sub- 
stance. At intervals this process is repeated, and every newly-formed 
layer enlarges tho diameter of the valve. The concentric strata thus 
deposited remain distinguishable externally ; and thus the lines of growth 
marking the progressive increase of size may easily bo traced (fig. 250). 

2k2 
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(1315.) It appears that at certain times the deposition of calcareous 
substance from the fringed circumference of the mantle is much more 
abundant than at others : in this case ridges are formed at distinct 
-intervals ; or, if the border of the mantle at such periods shoots out 
beyond its usual position, broad plates of shell, or spines of diftcrent 
lengths, are secreted, which, remaining permanent, indicate, by the 
interspaces separating successively-deposited growths of this description, 
the periodical stimulus to increased action that caused their formation. 

(1316.) Whatever thickness the shell may subsequently attain, the 
external surface is thus exclusively composed of layers deposited in 
succession by the margin of the mantle ; and, seeing that this is the 
case, nothing is more easy than to understand how the colours seen 
upon the exterior of the shell arc deposited, and assume that definite 
arrangement characteristic of the species. We have already said that 
the border of the mantle contains, in its substance, coloured spots ; 
these, when minutely examined, are found to be of a glandular cha- 
racter, and to owe their peculiar colours to a pigment secreted by them- 
selves. The pigment so furnished being therefore mixed up with the 
calcareous matter at the time of its deposition, coloured lines are formed 
upon the exterior of the shell wherever these glandular organs exist. 
If the Reposition of colour from the glands be kept up without remis- 
sion during the enlargement of the shell, the lines upon its surface are 
continuous and unbroken ; but if the pigment be furnished only at in- 
tervals, spots or coloured patches of regular form, and gradually in- 
creasing in size with the growth of the mantle, recur in a longitudinal 
series wherever the paint-secreting glands are met with, 

(1317.) The carbonate of lime (for such is the earth whereof the 
shells of bivalves arc principally composed) is, at the moment of its de- 
position, imbedded in a viscid secretion that forms a kind of cement ; 
and on dissolving the shell in a dilute acid, the animal material thus 
produced remains in the shape of a delicate ccUulosity, in the interstices 
of which the chalky particles had been entangled. If the proportion of 
the above-mentioned secretion be abundant, it not imfrequently, by 
hardening on the exterior of the shell, constitutes what has been very 
inaptly termed its epidermis, representing a comparatively soft external 
skin of semicomeous texture. If exceedingly thick, the epidermic 
layer thus formed becomes loose and shaggy, giving the shell a hirsute 
appearance ; but, both in its structure and origin, such pilose invest- 
ment has no claim to be considered analogous to the hair of animals 
possessing an epidermis properly so called, 

(1318.) While the margin of the mantle is thus the sole agent in 
enlarging the circumference of the shell, its growth in thicicness is accom- 
plished by a secretion of a kind of calcareous varnish, derived from the 
external surface of the mantle generally, which, being deposited layer 
by layer over the whole interior of the previously-existing shell, pro- 
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grcssively adds to its weight and solidity. There is, moreover, a re- 
markable dilference between the character of the material secreted by 
the marginal fringe, and that furnished by the general surface of the 
pallial membrane : the former we have found to be more or less coloured 
by glands appointed for the purpose, situated in the circumference of the 
mantle ; hut as these glands do not exist elsewhere, no colouring matter 
is over mixed with the layers that increase the thickness of the shell ; so 
that the latter always remain of a delicate white hue, and form the 
well-known iridescent material usually distinguished by the name of 
nacre^ or mother-of-pearl. 

(1319.) Local irritation of various kinds is found to stimulate the 
mantle to increased action, so as to cause the pearly matter to be 
secreted more abundantly at the part irritated. Thus there are various 
minute boring Annelidans that, in the exercise of their usual habits, 
perforate the shells of oysters, and penetrate even to the soft parts of 
their bodies. Stimulated by the presence of these intruders, the mantle 
beneath the place attacked secretes nacre in inordinate quantities to 
repair the injured portion of the shell, and prominent nuclei are soon 
formed, which, enlarging by the addition of continually-added layers of 
nacreous matter, become so many pearls adherent to the interior of the 
shelly valves. ^ 

(1320.) Or pearls may owe their origin to another cause. It not 
unfrequently happens that sharp angular substjani^s, such as grains of 
sand or fragments of stone, are conveyed between the valves, and 
become imbedded in the delicate ti^ue of the mantle. Thus irritated, 
the mantle throws out copiously the peculiar iridescent material which 
it secretes, and with it coats over the cause of annoyance, wrapping it in 
numerous concentric laminae of nacre, and thus forming the detached 
and globular pearls so valuable in commerce. 

(1321.) One other circumstance connected with the growth of bivalve 
shells requires explanation. From the earliest appearance of the shelly 
valves until the period when the included mollusks arrive at their 
mature size, the adductor muscle or muscles have been of necessity per- 
petually changing their position, advancing gradually forward as the 
enlargement of the shells was accomplished, so as to maintain in the 
adult precisely the same relative situations as they originally did in the 
young and as yet minute animal. Taking the Oyster for an example, it 
is quite obvious that the adductor muscle, which at first was connected 
with the thin and minute lamellte forming the earliest shell, has, daring 
the entire growth of the animal, become further removed from the 
hinge, and transferred from layer to layer as the shell increased in 
thickness, till it has arrived at the position occupied by it in connexion 
with the last-formed stratum that lines the interior of the ponderous 
valves of the full-grown Oyster. The manner in which this progressive 
advance of the adductor muscle is effected is not at first easily accounted 
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for, seeing that it is always fixed and firmly adherent at all points of its 
attachment. In order to understand the circumstances connected with 
its apparent removal, it is necessary to premise that a thin layer of the 
mantle itself is interposed between the extremities of the muscle and the 
inner surface of the shell, forming the bond of connexion between the 
two, and, like the rest of the pallial membrane, assisting in increasing 
the thickness of the shell by adding layers of nacre to its inner surface. 
Particle after particle is laid on by a kind of interstitial deposit between 
the mantle and the extremity of the adductor muscle, but so gradually, 
that the firm attachment between the muscle and the shell is not at all 
interfered with ; and as the animal grows, the transference of the muscle 
from layer to layer is thus slowly and imperceptibly effected. 

(1322.) We have as yet limited ourselves almost exclusively to a de- 
scription of the simplest forms of Concuifeha, namely those belonging 
to the Ostracean family, which, being generally incapable of locomotion, 
are deprived of a foot, and are recognizable by having the two lobes of 
the mantle unconnected Avith each other around their entire circum- 
ference. On turning our attention to the organization of the mantle in 
other families, we find that in them it no longer offers the same simple 
arrangement, but, the two lobes becoming gradually more and more 
completely united along their edges, the bodies of the moUusks are by 
degrees enclosed by the paUial membranes, and seem, as it wore, saccu- 
lated. Moreover, sometimes the mantle is prolonged into membranous 
tubes of considerable length called sijphons, through which the water is 
conveyed to the giUs, and excrementitious matters expelled from the 
body. In the Mussels (Mytihcea) the edges of the mantle are partially 
joined, so as to present two apertures, through one of which the foot is 
protruded, while the other, thp smaller of the two, gives issue to the 
excrement. A third family {^Chamaced) has the circumference of the two 
divisions of the mantle still more intimately united, leaving three di- 
stinct fissures— one for the passage of the foot, another for the entrance 
of water to the branchim, and a third for the ejection of matter from the 
rectum. Of these, some are of gigantic dimensions, and fix themselves 
by a strong byssus« One species, indeed ( Tridacne gigas), is so enormous 
in its size, that its shells alone not unfrequently weigh upwards of two 
hundred pounds, and hatchets are employed to chop its thick and tendi- 
nous cables from the rock to which it holds. 

(1323.) The Cockle family (^Curdiaced) is recognized by having the 
mantle open anteriorly, but prolonged at one extremity into two tubes, 
one of which admits the water for respiration, while the other discharges 
effete matter. In the Cockle (Cardium) the tubes are short, and scarcely 
reach beyond the shell (fig, 252, a ) ; but in other genera, as, for example, 
Mantra (fig. 250, h, c), they are of such length, that, when extended, 
they protrude to a considerable distance. We at once perceive the use of 
the tubular arrangement of the mantle here referred to, when we reflect 
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upon the already-mentioned habits of this extensive division of the Cox- 
Fig. 250. 



Mactra'. a, foot; b, e, eiphona formed by the mantle. 

cniFEEA, and consider how, 
by means of their largely- 
developed foot, they burrow 
into the sand or mud of the 
shore. Had their mantle 
been open, like that of the 
Oyster, respiration would 
have been impossible under 
the circumstances in which 
they live; but, by the 
modification of structure 
thus provided, their tubes 
being prolonged to the 
mouth of the excavation 
wherein they reside, water 
is freely admitted to the 
branchi® through one of 
the passages so formed, and 
excrement ejected through 
the other (fig. 251). 

(1324.) Whoever watches 
these siphoniferous bivalves 
in a living state will readily 
appreciate the importance 
of the pallial prolongations 
forming this tubular ap- 
paratus; especially if mi- 
nute floating particles are 
placed in the water wherein 

they are confined. It will then be perceived that powerful currents 




504 


CONCHIFERA. 


are perpetually rushing through the extremities of each siphon, caused 
by the rapid action of cilia placed within ; and the streams thus pro- 
duced not only form a provision for constantly changing the water in 
which the branchim (fig. 251, g) are immersed, but forcibly convey 
fioating molecules to the aperture of the mouth, which is situated in 
the position indicated in the figure by the letter hy and thus supply 
abundance of nutritive materials that could, apparently, in animals so 
destitute of prehensile organs, have been procured by no other con- 
trivance*. 

(1325.) The last family of this class includes those species which, 
like the Phohs and Teredo, bore in stone or wood, or, like the Solen, 
penetrate deeply into the sand. In such, the mantle is prolonged into 
terminal tubes of great length, and their shells remain always open at 
the extremities : th^e constitute the division to which Cuvier has ap- 
plied the name “ Enfermes,” on account of the very complete union of 
the two sides of the mantle ; and from such forms of Conchifeea the 
transition to the Tunicata, described in the last chapter, is by no 
means difficult. 

(1326.) In animals circumstanced as the Conchifeba, it would be 
vain to expect any high development of the nervous system, or senses of 
an elevated character ; nevertheless a few small ganglia are perceptible 
in different parts, and nervous threads of extreme tenuity are seen to 
arise from them and to be distributed in various directions. 

(1327.) One pair of ganglia, in the Dimyaria, is easily distinguished, 
occupying the ordinary position of the brain, namely above the oeso- 
phagus. Hence is derived a supply of nerves to the sensitive labial 
appendages, to the oral orifice, and other neighbouring parts. Two 
other ganglionic masses, of larger size than the brains properly so 
called, are placed near the posterior retractor muscle ; and a fifth small 
ganglion, in those species provided with siphons, is found in the vicinity 
of the breathing-tube, the muscular walls of which receive nerves from 
this source. 

(1328.) In the Monomyaria the nervous centres are still more feebly 
developed, and the posterior ganglia proportionately smaller than those 
found in species possessed of two adductor muscles. 

(1329.) No organ of sense, other than those already noticed, is met 
with in any of the Conchifera, except in one remarkable instance. In 
the Scallops (Pecten) the edges of the mantle are studded with nume- 
rous pearl-Uke points, interspersed among the retractile tentacula placed 
around its circumference. These, which are represented in the figure 
of Pecten already given (fig. 247), are considered by Polif to be so 

*,The parts represented in the above figure (fig. 251) which are not particularly 
pointed out in the text are the anterior adductor muscle (c), the posterior adductor 
muscle (<?), the elastic ligament of the hinge (e), and the largely-developed foot (/). 

t Testacea utriusque Sicilian, eorumquo Historia et Anatome : 3 vols. fol. 
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many distinct eyes thus singularly situated ; and, from the circum- 
stance of their being furnished with so many organs of vision, he applied 
the name of Argus to the moUusca possessing them. Should the brilliant 
specks in question bo really ocelli, they certainly are placed in the only 
position whore they can be efficient as instruments of sight, inasmuch 
as the margin of the mantle is, in such animals, the only portion of 
the body capable of being protruded beyond the boundaries of the shell 
to a sufficient distance to allow the creature to peep into the world 
around it. 

(1330.) The elaborate researches of M. Siebold have demonstrated 
the existence of another sense in the Conchiferous MoUusca, namely 
that of hearing — or at 

least have pointed out Fig. 252. ^ 

the presence of an 
organ which from its 
structure seems to be 
appropriated to the 
reception of sonorous 
impressions. This re- 
markable apparatus is 
situated in the foot, 
and is thus described* 
by its discoverer as 
it occurs in Gydas 
cornea : — On com- 
pressing the extre- 
mity of the foot of 
this species between 
two plates of glass, 
we bring into view a 
largo central nervous 
ganglion, and on each 
side of this there is a 
minute round reser- 
voir, composed of an 
elastic, opake, and CarrffKw: o, oral orifice; 6, foot. 

tenacious substance. In the centre of this is contained a perfectly 
transparent circular and flattened nucleus, which floats disconnected 
from the sides of the body that contains it, and has an osciUatory move- 
ment. This nucleus appears to consist of a crystalline salt.” 

(1331.) The ovary is generaUy a wide glandular sacculus, occupying 
a considerable portion of the visceral mass. In the Oyster, when fuU of 
spawn, it is largely spread through the body ; and if at such seasons 
its delicate waUs are ruptured, countless ova of microscopic dimensions 
* Ann. des Sci. Nat. n. s. tom. ix. 
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escape from the lacerated part.. In Pecten the ovary is very conspicuous, 
from the brilliant colour of the eggs contained in its interior ; it con- 
stitutes the greater part of 253. 

the bulk of that prominent 


tongue-like organ which 
projects between the bran- 
chiffi (fig. 247, /) : or in 
genera whore the foot is 
very largely developed, as 
in Cardium rmticum, a 
great part of the base of 
that organ is hollowed out 
into a capacious cavity, 
enclosed by its muscular 
walls, wherein the delicate 
folds of the ovarium (fig. 
253, a) are partially im- 
bedded, together with a 
portion of the intestinal 
canal (c). 

(13^.) In almost all 
the Ijamellibranchiate A- 
ccphala there is situated 
on each side of the body, 
near the insertion of the 
branchiae, between the ab- 
domen, the posterior mus- 
cle of the valves, the heart, 
and the liver, a gland, of 
a brown colour, which, 
from its discoverer, has 
received the name of the 
organ or sac of Bojantis*, 
the nature of which has 
long been a puzzle to com- 
parative anatomists. It 
seems to be intimately in 
relation with the repro- 
ductive apparatus, the ex- 
cretory canals of which 
always open either into 



Cardium msticum. 


its interior or in its immediate vicinity. This organ is always readily 
recognizable. On separating the branchial lamclloo after placing the 


* “ M6m. 8ur rOrgane de Bojanus,” par .Dr. II. Lacaze-Dutliicrs (Ann. des Sc. 
Nat. 1855). 
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bivalve upon its back (that is to say, upon that part of its circumference 
which corresponds mth the hinge), the student will observe on each side 
of the visceral mass an oblong body of variable tint, the shape of which 
depends more or less upon that of the animal. 

(1333.) The structure of this gland is rather complicated, its interior 
being made up of numerous cavities communicating with each other. 
Its relations Avith the generative system present themselves under three 
aspects ; sometimes the reproductive glands open immediately into its 


Fig. 254. 



cavity ; sometimes the two open externally by a common orifice ; and 
sometimes two distinct orifices, more or less separated from each other, 
belong to each of the glands. The circulation through this remarkable 
viscus is of,^ venous character, and represents a portal system : hence it 
has been alternately regarded as a respiratory organ, a testicle, and a 
urinary apparatus ; its real office, however, is still problematical. 

(1334.) On throwing injection into the genital orifices*, the sexual 
glands become tinged, and on examining fragments of such genital 
glands microscopically, the injected substance may be seen mixed with 
the ova and spermatozoa. These facts may be observed with special 
ease in the common Cockle {Cardium edule). 

(1335.) Sometimes the ova may be seen actually laid by living fe- 
males of Modiolce and Mytili, one of the valves of whose shell has been 
removed, on irritation of the genital orifice ; and in others, the ova or the 
spermatic fluid may be made to pass out of their orifices at the breeding 
season by pressing gently upon the foot. In Spondylus gaderopus, 
the genital orifice is situated in the sac of Bojanus, where the eggs may 
occasionally he seen issuing forth, in aspect like a thread of vermicelli, 
composed of reddish ova mixed with mucus. 

* Vide memoir by Dr. H. Lacaze-Duthiers, Ann. des Sci. Nat. 4* ser. t. ii. 
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(1336.) When we consider the position of the ovary in these bivalves, 
placed as it is in the substance of the body, and reflect upon the immense 
number of eggs to which they give birth (for thousands of ova arc 
generated by every one of these prolific beings), wo perceive tliat, with- 
out some special provision, the imprisoned animals would, when gravid, 
be seriously inconvenienced and exposed to continual danger, as tlic inor- 
dinate enlargement of the ovary would preclude the possibility of ])ringing 
the valves of the shell in contact with each other. In order to obviate 
the difficulty referred to, the ova are expelled from the ovarian nidus 
in an immature condition, and complete their growth in a situation 


Fig. 2,')5. 



l. Oyster {OHrea eduUt), showing the runifioations and czoretory duct of the generative 
f^stem. 2. Spermatic filaments. 3. Secemii:^ culs de sac firom an individual almost entirely 
male. 4. Spermatozoids, magnified. 6. Ovum enveloped in its capsule. it 

where, being diffused over a larger surface, the shells may be closely 
approximated ; and, moreover, the eggs and their contained offspring 
are by this contrivance freely exposed to the influence of the medium 
around, so as to allow a kind of respiration to be enjoyed by the im- 
hatched young. The situation chosen is the branchial fringes, over 
which the imperfect spawn, or 8j>at, as it is technically termed, is found 
widely spread towards the close of gestation, still retained beneath the 
shelter of the shell of the parent, and thus preserved from destruction, 
but at the same time, being in such a position freely washed by the 
ciliary currents, the respiration of the included embryo is adequately 
provided for. 

(1337.) In the large branchial laminse of the freshwater Mussel, it 
is to bo remarked that both pairs consist of an intertexture of vessels 
arranged in a rectangular lattice- work, and covered by a delicate mem- 
brane, whilst the two external are distinguished by a structure which 
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merits particular description. Above each external lamina of the gills 
is a duct proceeding from the posterior part of the foot towards the anal 
tube, long ago described as an oviduct by Oken, and having, on its 
-lower surface, a long row of openings placed transversely, and forming 
the entrances to the cells or compartments of the gills themselves. 
These compartments are all arranged vertically in the gill, and, separated 
from each other by pariitions, they appear as though they originated 
from the mutual recession of the two membranous surfaces of the gill, 
which remain connected only by the vertically-disposed vessels that give 
rise to the septa ; they serve for the reception of the ova, which, coming 
fi'om the ovary placed within the foot, and not by any means in the gill 
itself, arc, however, lodged there, and there receive their further de- 
velopment as in a uterus. 


CHAPTER XXL 

BEACHIOPODA* (Cuvier). 

PALLIOBRANCHIATAf (Owen). 

(1338.) The next class of Mollusca which presents itself for our con- 
sideration was named by Cuvier on account of the remarkable character 
of the organs by means of which the animals composing it procure the 
food destined for their support. These instruments consist of two long 
spiral arms placed on each side of the mouth, that in many species can 
be unrolled to a considerable length, and {jrotruded to some distance in 
search of'*ldiment. The above character, however, taken by itself, 
would scarcely warrant us in considering the creatures before us as 
forming a separate class of MoUusca ; but when, in addition .to this 
remarkable feature in their organization, we find that they possess a 
respiratory apparatus peculiar to themselves, and differ widely from all 
other bivalves in almost every part of their structure, we feel little 
hesitation in continuing to regard them as distinct, and devoting the 
present chapter to an investigation of their anatomy. 

(1339.) The Brachiopoda inhabit bivalve shells, and for the most 
part are suspended by a fleshy tubular pedicle, resembling that of the 
Cirrhopods, to various submarine bodies. Such, at least, is the case in 
Lingula and Terehratula ; but in the third genus belonging to this doss, 

* o.n arm ; Trovsj TToSbs, a foot. 

t pallium, a mantle ; branchia, gills. This name, originally proposed by M. de 
Blainville notwithstanding his belief that the spiral arms were the organs of respi- 
ration, has since boon proved by the researches of Professor Owen to be strictly appro- 
priate to the class. 
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namely Orhiculaf the pedicle is wanting, the lower valve of the shell 
being fixed immediately to the rock whereunto the animal is attaclied. 

(1340.) The shells of the Brachiopoda are formed upon two plans — 
one having the valves articulated, the other having them unarticiilatcd*. 
Those with articulated valves (Waldheiniia) have the hinge generally 
famished with teeth and corresponding sockets, which so lock the 
valves together that their movements are very limited. In the unarti- 
culated forms (^Lingula) the valves do not move upon each other, for 
when. open no part of their margins are in contact. The two divisions 
of the Brachiopods thus indicated will be found to be still more marked 
in their internal organization. 

(1341.) The muscular system in the Brachiopods is very complicated 
and peculiar in its arrangement. Five or six pairs of muscles have 
been described in the Tcrebratulidm, all of whicli have relation to the 
movements of the valves upon each other, or to their attachment to, or 
movements upon, the peduncle. Thus the muscles naturally divide 
themselves into two groups, the valvular, and those for adjusting the 
shell upon its peduncle. Of the former there arc three pairs, which 
have been denominated respectively ** adductors,” cardinals,” and 
“ accessory cardinals.” Of the latter there arc likewise three pairs, 
whichh ave been designated the dorsal pedicle muscles,” the ** ventral 
pedicle muscles, and the “ capsular muscles the capsular muscles are, 
however, generally blended into one. 

(1342.) On separating the testaceous 
valves, the body of the Brachiopod is found 
to be enclosed between two delicate mem- 
branes, which exactly line the shell ; and to 
these membranes, as in the; case of other 
mollusks, the name of mantle has by common 
consent been appropriated. The mantle 
itself is thin and semitransparent ; but its 
margins are thickened, and fringed with 
delicate setsc. 

(1343.) When the two lobes of the 
mantle are widely divaricated, as in Lin- 
gula (fig. 256), we perceive the prominent 
orifice of the mouth (6) placed dccidy 
between them : on each side of the mouth 
are the two fleshy fringed ar^lB, which in 
this case can bo protruded to a distance out tiT^CAfter Cuvienr" 
of the shell, and, as Cuvier t supposes, may 

act as oars, and thus enable the animal slightly to alter the position of 

* “ On the Organization of the Brachiopoda,*’ by Albany Hancock, F.R.S. (Phil. 
Trans. 1868). 

t “ Momoiro sur 1’ Animal do la Lingule.'* 


Fig.266. 



JAngula, with the valves sepa- 
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its body ; or else, as they arc most probably delicate organs of touch, 
they may perform the office of higlily sensitive tentacula. 

(1344.) In Terebratuia psittacea the arms are enormously developed, 
fringed ui)on their outer margins, and quite free except at their origins : 
when completely contracted, they are disposed in six or seven spiral 
folds ; and when unfolded, they extend beyond the shell twice its longi- 
tudinal diameter. The mechanism by which they are unfolded is de- 
scribed by Trofessor Owen* as being extremely simple and beautifdl. 
The principal stem of each arm is hollow from one end to the other, 
and contains a fluid, which, being acted upon by the spirally-disposed 
muscles forming the parictes of the canal, is forcibly injected towards 
the extremity of tlio arm, and the organ is thus expanded and protruded 
outwards. 

(1345.) In Terehratula ChilensiSf on the contrary, the movements of 
the arms arc extremely limited, and they can no longer be protruded 
from the shell as in the preceding species, being connected throughout 
their whole length with a peculiar complex testaceous apparatus attached 
to the internal surface of the imperforate valve of the sliell (fig. 25 7, b), 
the arrangement and uses of which are thus described in the memoir 
above-mentioned : — The principal part of the internal framework aUudod 
to consists of a slender flattened calcareous loop (//), the extremities 
of which are attached to the lateral elevated ridges of the hinge : the 
crura of the loop diverge, but again approximate each other as they 
advance for a greater or less distance towards the opposite margin of 

Fig. 257. 


A B 

Valves of Terehratula Chileneie, showing the internal framework. (After Owen.) 

the valve ; the loop then suddenly turns towards the imperforate valve, 
and is bent back upon itseK for a greater or less extent in different 
species. The loop, besides being fixedffiy its origins, or crura, is com- 
monly attached to two processes {d d) going off at right angles from the 
sides, or formed by a bifurcation of the extremity of a central process 
(c), which is continued forwards from the hinge; but it is sometimes 
entirely free except at its origins. The arches of the loop are so slender, 

* Transactions of the Zoological Society, vol. i. 
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that, notwithstanding their calcareous nature, they possess a slight 
degree of elasticity, and yield a little to pressure. The interspace 
between the two folds of the calcareous loop is filled up by a strong but 
extensile membrane, which binds them together, and forms a protecting 
wall to the viscera ; the space between the bifurcated processes in 
T, Chilensis is also similarly occupied by a strong aponeurosis. In this 
species the muscular stem of each arm is attached to the outer sides of 
the loop and the intervening membrane. They commence at the pointed 
processes at tho origin of the loop, advance along the lower portion, 
turn, round upon tho upper one, are 
continued along it till they roach 
the transverse connecting bar, where 
they again advance forwards, and n 

terminate by making a half-spiral 
twist in front of the mouth. 

(1346.) Tho most obvious function 
attributable to the tentacular organs 
of the animals composing this class is 
connected with the procurement of 
food; for, being utterly deprived of 
prehensile instruments, without some 
adequate contrivance these helpless 
creatures, imprisoned in their testa- 
ceous covering, and fixed immoveably 
in one locality, would be utterly un- Digegtive epparatug of Tmbratula. 
able to obtain the nouriahment neoca- 
sary for their support. The^ pro- 

vision for this purpose is foupi in the arms, whether they be extensible 
or attached to calcareous loops ; for these organs, being covered by cilia, 
produce powerful currents in the surrounding medium, which, being 
directed towards the mouth as to a focus, hurry into the oral aperture 
whatever nutritive particles may chance to be in tho vicinity. The 
mouth itself is a simple orifice with prominent fleshy lips (fig. 256, 6), 
but unprovided with any dental apparatus. The alimentary canal in 
Lin^la is a long and convoluted tube, but without a perceptible sto- 
machal dilatation ; in Terehratakf however, there is a largo oval sto- 
mach (fig. 258, A, d), into which numerous ducts derived from tho hepatic 
follicles open by large orifices. Tho structure of the liver in these 
animals is displayed by Profe^r Owen in tho memoir from which the 
annexed figures are taken ; and the simplicity of its organization afibrds 
an interesting lesson to the physiologist. Tho hepatic organ (fig. 258, a, c) 
consists essentially of numerous secerning emea (fig. 258, b), as yet easily 
separable from each other ; over which the visceral blood-vessels ramify, 
and bring to the secreting sacculi the circulating fluid from which the 
bile is elaborated. 



Fig. 258. 
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(1347.) The Infusoria appear to be the chief food of all the Brachio- 
pods, perhaps the only food of the articulated species.' In the latter, 
siliceous cases of the Dlatomacece are almost always found, and sometimes 
in abundance. Lingula, however, appears to bo a more general feeder, 
its intestine frecpiently containing a great variety of matter. 

(1348.) The greatest peculiarity observable in the structure of the 
Brachiopoda is seen in the arrangement of tho respiratoiy 'system ; for 
these animals, instead of possessing pfoper branchial organs, as fa the 
case Avith all other Mollusca, have the mantle itself converted into a 
respiratory surface, and traversed by the ramifications of large blood- 
vessels, which form an elaborate arborescence spreading through its 
texture, so that it is ob- 
viously well adapted to 
perform the office assigned 
to it, more especially as 
its circumference is thickly 
studded with vibratile 
cilia, disposed in such a 
manner thatby their cease- 
less movements they impel 
continued supplies of 
aerated water over the 
whole of this vascular 
membrane. The lobe of 
the mantle which lines 

+ 1 ^ Vascular system of Terebraiula Chilentdt: a, e.the 

tne peitorate valve OI mantle; circular canal encompassing the margin of 
Terehratula ChiUnsis (fig. mantle; /,y, k, muscles of attachment; mm mm, 

. ,, „ large venous trunks in the mantle. 

259, c) contains four large 

longitudinal venous tnmks or sinuses (m m), and two others of similar 
dimensions are seen in the opposite lobe (a). These sinuses take their 
origin by innumerable radicles from a circular canal of great delicacy 
which encompasses the entire circumference of the mantle (d). 

(1349.) A heart is present in all the Brachiopoda; and when in an 
expanded state, it is of considerable size. In the articulated species, it 
is appended to the middle line of the stomach, and projects freely into 
the perivisceral cavity, reaching down almost to the anterior margin of 
the oviducts. Its walls, when expanded, though rather thin, are firm, 
and do not collapse. They are composed of two layera, the inner of 
which is distinctly muscular, the fibresr>running in various directions, 
but principally radiating from centres ; the outer layer is transparent 
and homogeneous. The interior is devoid of columnae carnea), and per- 
fectly smooth. When this organ is in a contracted state, its size is very 
much reduced, the surface is slightly wrinkled, and the walls much 
thickened. 

(1350.) This unilocular heart in Waldheimia australis receives a 
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large blood-channel or vessel in front, which, running forward along 
the dorsal ridge of the stomach, within the membrane denominated 
mesentery, communicates on each side by several minute openings with 
the gastric lamncej which will be more particularly noticed hereafter. 
The anterior extremity of this channel passes down the dorsal surface 
of the oesophagus, and, dividing into two lateral trunks, opens at each 
side into a system of large lacunes placed around the alimentary tube. 
This channel is the afferent cardiac channel or branchio-systemic vein. 

(1351.) A little behind the point whore the heart receives this 
channel, two aortic vessels pass off laterally. The two orifices communi- 
cating with these vessels lire guarded by sphincter valves, resulting 
apparently from the protrusion inwards of the lining membrane. Prom 
these vessels numerous branches are given off to supply the different 
viscera. The peripheral portion of the circulation is composed of an 
extensive system of lacunes or blood-channels, originally described by 
Professor Huxley, which, when the specimen is in good condition, are 
easily traceable, tlio channels or spaces being then, for the most j)art, 
filled with blood-corpuscles, which give to the lacunes an opake yellowish 
hue, rendering them as distinct and sharp as though they had been in- 
jected j and as the circular points of union between the layers of mcm- 
braneoforming their walls are transparent, and consequently liable to 
appear of a darkish tint, they show like spots on a light ground, not 
altogether unlike the markings upon a leopard’s skin. In other lights, 
the whole has a beautiful lacc-like delicacy. These lacunes occasion- 
ally assume a dendritic or branched character, particularly as they ap- 
proach the margin of the mantle, where they become minute, and run 
almost parallel to each other, forming minute twigs, which pass on to 
the external circumference of the lobe. 

(1352.) Tlie inner lacunes, or those of the inner wall or floor of the 
great paUial sinuses, have a very different character ; they resemble, 
however, the lacunes in the anterior waU of the body, with which they 
are in communication. They are in the form of numerous narrow 
channels, which, anastomosing at various points, compose a network of 
very long transverse meshes ; thus most of the channels cross the direc- 
tion of the sinuses, and run parallel to each other. Hence it would seem 
that the walls of the body and the laminae of the pallial lobes present 
one great system of blood-channels or lacunes, the various parts of 
which freely communicate with each other, and surround all the viscera 
of the body. 

(1353.) The blood-system of the brachial apparatus next claims atten- 
tion. This is beautifully developed, and presents considerable variety in 
the plexuses of which it is composed. The walls of the great canal, the 
ridge supporting the cirri, the membranes that unite the upper and lower 
membranes of the loop, and that which connects the spirals, all have 
their systems of lacunes, which intercommunicate and form the brachial 
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system. Let us now proceed to follow the course of the blood through 
this complicated vascular apparatus. It has been shown that the heart 
is a simple, unilocular, pyriform vesicle suspended from the dorsal 
aspect of the stomach, and projecting freely into the perivisceral chamber; 
that there is neither auricle nor pericardium, unless the membrane which 
closely invests it can bo so called ; that it is hardly more complex in 
structure than the pulsatile vessel of the Tunicata ; nay, in Lingula it 
scarcely at all differs from the heart of those lowly- organized moUusks. 
This vesicle or heart propels the blood through four arterial trunks or 
channels to the reproductive organs and mantle, and probably also to the 
alimentary tube, and is apparently assisted by four or more pulsatile 
vesicles in connexion with tliose principal trunks. The blood thus con- 
veyed by the genital and pallial arteries will escape by the lacunes in the 
membranes suspending the genitalia, into the plexus in the floor of the 
great pallial sinuses. Thence it will find its way into the outer lacu- 
nary system of the pallial lobes, and into that of the dorsal and ventral 
walls of the body, as well as into the lacunm of the anterior pariotes.’ 

(1354.) Having saturated all these parts of the peripheral system, it 
will divide itself into two currents, one of which will set backwards in 
the direction of the membranous bands connecting the alimentary tube 
to the parietes, and will flow through their channels into the system of 
visceral lacunes, which encircle the alimentary canal, within its sheath, 
and which probably carry blood to the liver. This current will also 
supply the lacunes nourishing the muscles. The blood thus directed 
will reach the branchio-systemic vein, cither by the great oesophageal 
lacunes, or through the foramina which penetrate the sides of the channel, 
as it runs along the dorsal ridge of the stomach. 

(1355.) The other blood-current will sot forward in the direction of 
the base of the arms, and some of it will pass into these organs through 
their general system of lacunae ; but the principal portion will be 
carried by the afferent brachial canal to the extensive plexus of lacunes 
in those parts, and will circulate in the walls of the great brachial canal. 
The blood will then be drawn up one side of the drri, through the 
vessels (the afferent brachial arteries) originating in the great brachial 
plexus, and, returning down the other, will be poured into the efferent 
brachial canal, and thus reach the lateral efferent sinuses at the root of 
the oesophagus. Thence it will enter the great oesophageal lacunes, 
and, there meeting with the other current of returning blood from the 
visceral lacunae, will be carried to the heart by the branchio-systemic 
vein along the dorsal aspect of the stomach. Thus it will be seen that 
the blood finds its way back to the heart in a mixed condition. That 
which is conveyed by the gastro-parietal and other channels will be im- 
perfectly aerated, having only flowed through the pallial membranes, 
which must be looked upon but as accessory oxygenating agents. The 
arms undoubtedly perform the office of gills, and are true respiratory 
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organs. The blood which circulates through them will consequently 
be returned in a perfectly aerated condition, to be mixed, however, with 
that in a less pure state from the visceral lacunes, before it enters the 
heart. This mixed state of the blood is not by any means peculiar to 
these animals ; for it obtains in many of even the higher MoUusks. 

(1356.) Nervous system. — ^As in all true MoUusks, the ganglionic 
centres are placed in connexion with a nervous collar surrounding the 
oesophagus. In Waldliemm australis the collar is situated at the com- 
mencement of the alimentary tube ; and there arc five nervous centres, 
three of which, on account of their superior size, may be assumed to be 
the principal oesophageal ganglia, from which nerves are given off to 
supply the pallial apparatus, the muscles, and the various viscera of the 
body. 

(L357.) No special organs of sense have yet been observed ; indeed, 
sight, hearing, or smell could bo of little use to animals like the Bra- 
chiopods, deprived of locomotion, and firmly fixed during the whole 
period of their lives to one spot. Forbes and Hanley, in their * British 
MoUusca,^ regal’d as ocelli and otolitic capsules certain red spots, per- 
ceptible in some species at the bases of the setigerous foUicles ; but 
these Mr. Hancock thinks are nothing more than glandular matter in 
conncxcon with the growth of the setae. 

(1358.) The Beprochictive system of the Brachiopoda has been minutely 
described by Mr. Albany Hancock in the memoir above quoted. In 
Waldheimia australis the generative organs consist of thick bands some- 
what convoluted and ramified ; they are of a fuU yellow colour, and arc 
lodged in the trunks and main branches of the great pallial sinuses. 
There are four of these bands, two in each lobe ; those in the dorsal lobe 
are single, and occupy the two outer or lateral sinuses, extending from 
behind the attachment of the occlusor muscles to within a short distance 
of the anterior margin of the raantlo ; their posterior extremities reach 
to the perivisceral chamber. The ventral pair extend as far forward as 
the dorsal, and are double, that is, each forms a loop, the fi’cc extre- 
mities of which pass into the outer and inner sinuses of the same side ; 
the looped portions lie within the perivisceral chamber. These genital 
bands arc attached to the inner lamina of the mantle throughout their 
whole extent by a membrane which, originating in this lamina, passes 
into a groove extending along the under surface of the genital band. 
The genital or pallial artciy runs along the edge of this membrane, and 
has the reproductive organ developed around it. This is the most 
obvious disposition of the parts, as apparent on a general examination ; 
but on a closer inspection, there can be but little doubt that these 
organs are in reality developed between the two membranes which com- 
pose the inner lamina of the mantle, and, bulging out the interior of 
these, become suspended, as it were, in the pallial sinus. Those in 
which ova are deficient are generally supposed to be the male secreting 
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organ. The form, colour, and general appearance of these eggless bands 
do not differ, however, from those charged with ova, and have very 
much the character of undeveloped ovmies. The generative organs are 
very perceptibly composed of two elements — the yellow ovigerous sub- 
stance, which forms the chief mass, and a red material, which is distri- 
buted over the surface of the organ. When the organ is in a low state 
of development, this red matter forms a narrow irregular cord, which 
runs along the sides of the band, and is occasionally spread over the 
surface in spots and blotches. When the ova are mature, this substance 
can still be traced as small specks on the surface and throughout the 
mass. From what will shortly bo stated in regard to Lingulity it seems 
probable that this red matter may prove to be the testis. 

(1359.) The minute structure of these organs has not been sufficiently 
examined ; it may be stated, however, that the ova appear to be de- 
veloped in cells, and that when the yellow mass which is deficient of 
eggs is broken up and placed under the microscope, it is found to be 
composed almost entirely of minute clear granules. The red substance 
is likewise made up of large irregular cells inclining to oval, very 
variable in size, and without any ajiparent nucleus. 

(1360.) In Lingula the reproductive organs arc withdrawn altogether 
from the mantle, and placed in the perivisceral cavity : they^re very 
bulky, occupying a large portion of the chamber ; they lie for the most 
part behind the liver, and surround the alimentary tube ; they form four 
irregularly lobulated branched masses, two above and two below the 
tube ; these pairs may be denominated the dorsal and ventral ovaries. 
When in a higlily developed state, the lobes or branches insinuate them- 
selves between and around the muscles, so that it is almost impossible to 
trace the relation of these organs to other parts ; but when immature it 
is very easy to do so. The dorsal ovaries arc then found to be sus- 
pended by the ilio-purietal bands, the ventral by the continuation of 
these bands along the pseudo-hearts or oviducts. In both cases the 
attachment is along the margin of the bands, between the two layers of 
which they would seem to be developed. In Lingula tho red substance 
alluded to above forms a dendritic or branched organ, spread over the 
external surface of the ovarian masses. On examining a portion of this 
branched organ under the microscope, it is found to be composed of 
large «regular cells, somewhat elliptical in form, and closely resembling 
those of the red substance in connexion with tho ovaries in Waldheimia, 
The cells, however, in Lingula appeared to present different stages of 
development, varying much in size and form, and some of them were 
filled with numerous delicate hair-like bodies resembling spermatozoa. 
From these facts it can scarcely be doubted that the dendritic organ is 
the testis, and that the fusiform cells are fully developed spermatophora 
containing spermatozoids. It would thus appear that Lh^gula is andro- 
gynous : and if the red matter in connexion with the generative organs 
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in the articulated Brachiopods should prove to bo the same as the d(^n- 
dritic organ in the former, then in them also the sexes are combined. 

(1361.) Professor Owen supposed that the ova, when mature, escape 
by the dehiscence of the pallial membranes. So long as no passage >vas 
discovered leading externally from the perivisceral chamber, this could 
be the only possible conclusion, but can now bo no longer maintained, 
for it has been ascertained that more than one such passage exists. The 
natural inference would therefore seem to be that the eggs will find their 
way through these passages, which may consequently be looked upon as 
oviducts. 

(1362.) These curious organs were originally described by Cuvier as 
hearts, in his well-known memoir on Lingula anatina, and subsequently 
by Professor Owen on the Brachiopoda generally ; they open, however, 
externally, and therefore can have nothing to do with the vascular 
system. 

(1363.) In Lingula the oviducts are rather peculiar in form, though 
essentially the same as in the articulated Brachiopods. They are two 
in number, and lie to a great extent between the two layers of the ilio- 
parietal bands, stretching along the lateral walls of the perivisceral 
chamber from the front to behind the dorsal attachment of the adjustor 
muscles, •and are so concealed by the viscera and muscles that very little 
of them can be seen until these parts are removed. The expanded por- 
tions open upwards and towards the lateral walls of the body, through 
the processes of the ilio-parietal bands, close to the side-walls of the 
chamber. They are of a yellowish colour, and terminate at the external 
surface in two small diagonal slits, one a short way on either side from 
the median line, a little below the mouth. The walls have a glandular 
appearance, the inside being velvety from the numerous minute villi 
which crowd the surface. 

(1364.) From the nature of these organs, it seems probable that the 
ova on their passage outwards may receive some external covering. 
In two instances in which the ova were mature, Mr. Hancock found 
them in vast numbers strewed about the perivisceral chamber, and in 
one of the oviducts several had penetrated nearly to the external orifice. 


CHAPTER XXII. 

GASTEROPODA* (Cuvier). 

(1365.) Extensively distributed over the surface of the land, or in- 
habiting the waters either fresh or salt, there exist a veiy numerous 


yaoTt'lp, the belly ; nov?, a foot. 
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body of MoUusca, ditfoiing widely among themselves in construction 
and habits, but distinguished by a peculiar locomotive apparatus com- 
mon to tlic entire class, by moans of which they are able to fix them- 
selves to jdane suifaces, and to move from place to place by a slow and 
gliding motion. The Slay, thc>Sa«iZ, the Limpet, and the Whelk afford 
familiar examph's of their general form and external appearance ; but 
s])eci(}s of different kinds are so common in ever}’- situation, that it 
would be wasting the time of the reader to dwell at any considerable 
length upon their ordinary configuration and usual mode of progression. 

(1306.) Many families of Gasteropoda, as for example the Nuni- 
iniANCuiATA (fig. 206), are absolutely deprived of any shelly defence, 
the investment of their bodies being entirely soft and coUtractile. In 
others, as the Slug (Limax), a thin calcareous plate is imbedded in the 
substance of their muscular covering. This little shell is contained in 
a cavity within the mantle, and is quite loose and unattached to the 
walls of the cell wherein it is lodged. The mode of its formation and 
growth is exceedingly simple, and from its very simplicity is well cal- 
culated to illustrate the formation of shells of more complex character. 
Tho floor of the cavity containing the calcareous plate is vascular, and 
secretes cretaceous particles mixed up with a viscid animal secretion. 
The material thus furnished in a semifluid state is applied like% layer 
of varnish to the lower surface of tho shell already formed by the same 
process ; and the added layer, soon hardening, increases the thickness 
of the original plate, while at the same time, as a necessary consequence 
of the progressive extension of the secreting membrane, which enlarges 
■with tho growth of the Slug, each successive lamina of shell is larger 
than that which preceded it. Thus the extension of the shell in dia- 
meter, as well as its increase in thickness, is easily explained. In these 
internal shells, however, there is no colouring matter ; so that they are 
uniformly white, and present the same texture throughout. 

(1307.) As cxtemal shells are generally painted upon their outer 
surface with colours of different kinds variously disposed, in such tho 
process of growth is somewhat more complicated, and in every essential 
particular resembles that already described, whereljy the shells of tho 
CoNcniPEKA are extended in size and thickness. 

(1308.) We choose, as an illustration of tho manner in which tho 
external shells of univalves arc manufactured, one of tho least complex 
forms, as being best adapted to elucidate tliis part of our subject. The 
Patella, or common Limpet, is covered "with a simple conical shell that 
extends over the whole of the dorsal surface of the moUusk. The testa- 
ceous shield that thus protects these animals is generally variegated 
externally with sundr}’- markings of diverse colours, while within it is 
lined with a smooth and white nacre. 

(1369.) On making a perpendicular section of one of these Gastero- 
pods, the entire mechanism by which such shells are constructed and 
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painted is at once rendered intelligible. The whole of the back of the 
animal covered by the shell is invested with a membranous mantle^ like 
tliat of a conchiferous molliisk ; but different parts of this mantle are 
appointed to different offices. 

The extension of the shell is 2()0. 

entirely effected by the margin 
of the mantle (fig. 260, t), 
which is thick, vascular, and 
studded with glands appointed 
to secrete the colouring mate- 
rial that paints the exterior. 

This thickened fringe of the 
mantle is firmly glued to the 
circumference of the opening of Section oiPaUiia. 

the shelly cone: the earthy 

matter produced by it is added, layer by layer, to the edge of the 
shell ; .And wherever coloured glands are situated, this earthy secretion 
is coloured with a corresponding pigment : in this manner is the shell 
gradually enlarged, and every additional stratum of calcareous deposit 
is thus painted at the moment of its formation. 

(13>d.) The growth of the shell in thieJeness is a subsequent process. 
After the formation of the outer layer (y) by the edge of the mantle, 
the geheral surface of the pallial membrane (a) adds fi^sh laminae of 



Fig. 261. 



Helix pomaiia, removed from ita shell. 


pearly matter (/) to the whole interior of the testaceous shield, and it 
is by the accumulation of such colourless depositions that the thickening 
of the entire fabric is provided for. 

(1371.) When the manner in which the Limpet constructs its habi- 
tation is understood, the formation of a turbinated or spiral shell is 
explained with the utmost facility. On extracting a Snail from its 
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abode, all that portion of its body which was covered by the shell is 
seen to be invested with a thin mantle (fig. 261, ci) precisely analogous 
to that of the Limpet : from this paUial membrane the nacreous hning of 
the shell exudes. Dut around the aperture the mantle swells into a 
thick glandular collar (6), correspondent in function with the margin of 
the mantle in Patella^ and in like manner provided with glands adapted 
to furnish colouring matter. From the collar, therefore, those layers 
are secreted by which the extension of the shell is accomplished ; and 
as the deposit is in this case far more abundant in one direction than in 
another, the shell, as it expands, assumes more or less completely a 
spiral shape. Wlierever glands for secreting coloured pigment exist, 
corresponding bands or coloured patches are produced as the layers of 
growth are formed, and the exterior of the shell is thus painted with 
the tints peculiar to the species. 

(1372.) In many marine Gasteropods, spines and various external 
processes are found projecting from the outer surface of the shell, the 
production of which depends upon the shape of the margin of the mantle. 
Let the reader imagine one of these ornamented shells to be trans- 
parent, so as to permit the contained animal to be delineated in situ, as 

in the annexed sketch of Pteroeera (fig. 262) j and the collar, which 

• 

Fig. 262. 



Animal of Pteroeera in situ. 


forms the layers of growth, will be found to exhibit fringes or processes 
precisely resembling those upon the shell itself. Dut it is only at 
intervals that, as the growth of the moUusk proceeds, these pallia! 
appendages encase themselves in a calcareous covering, every such in- 
terval being distinctly indicated upon the exterior of the shell by the 
spaces between the successive rows of spinous projections that mark 
the terminations of so many distinct periods in its formation ; so that 
the number of ridges or rows of spines is, .of course, correspondent with 
the age of the creature within. 
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(1373.) Several of the Pectinibranchialc gcncni arc provided willi a 
very complete defence against the assaults of foes that might attack 
them while they are concealed in their liabitations and, in sucli a 
posture, necessarily helpless and incapable of resistance. The provision 
for their protection is sufficiently simple: attached to the posterior 
extremity of the body, which is the part last drawn into its abode, is a 
broad homy or calcareous plate (fig. 262, called the ojyerculum'y this 
is of vaiiable dimensions in different species, but always accurately cor- 
responding in shape with the contour of the mouth of the shell. By 
this elegant contrivance a door is closely fitted to the aperture of its 
retreat whenever the moUusk retracts itself within its citadel, and, thus 
defended, it may safely defy external violence of any ordinary de- 
scription. 

(1374.) A most remarkable exception to the usual univalve con- 
dition of the shells in the Gasteuopoda is observable in one solitary 
genus belonging to the Cyclobranchiate order. In Chiton (fig. 263) 


Fig. 26.3. 



Chiton : A, ventral ; B, dorsal aspect. 


we find, instead of a turbinated or shield-like covering formed of one 
piece, a kind of armour composed of several distinct plates, arranged in 
a longitudinal scries along the centre of the back, and overlapping each 
other like the tiles of a house. 

(1375.) In these curious animals the whole back is invested with a 
dense leathery mantle of an oval form, and considerably more extensive 
than the cavity containing the viscera. Where not covered by the 
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calcareous laminoc, the exterior of tho mantle forms a broad edge 
variously sculptured in different species : but £ilong its central part the 
shelly plates, generally eight in number, ^aro partially imbedded in its 
substance ; being, no doubt, secreted by tho surface whercunto they are 
attached. These mollusks, notwithstanding the singularity of their 
covering, which almost reminds us of tho armour of many Articulata, 
in their internal anatomy conform exactly to the type of structure 
common to the Oasteropod orders, and offer no peculiarities of organi- 
zation worthy of special notice. 

(1376.) Feeble and languid as arc the sluggish movements of these 
creatures, they ncivcrthelcss present to the eye of the anatomist a type 
of organization considerably superior to any that we have had an oppor- 
tunity of considering in such forms of tho Heterogangliata as have 
been described in the preceding chapters. From the superiority of their 
mode of progression, it is c\ddent that they are adapted to enjoy a less 
limited intercourse with external objects than even tho most highly 
gifted of tho burrowing Conchipera ; and accordingly we find in them 
a nervous system exhibiting a more complete development, senses of a 
higher character, and, in the organization of their internal viscera, a 
complexity of parts such as has not heretofore fallen under our notice 
—every indication, in fact, that they are animals of a higher grate and 
more elaborate structure. The Gasteropoda, for instance, exhibit a 
distinct head, in which is lodged a supra-oesophageal ganglion of large 
proportionate size ; and upon the head are found retractile instruments 
of sensation of peculiar structure, and not unfrequently perfectly-formed 
organs of vision. 

(1377.) Let us, however, select one species for particular description; 
and after having become acquainted with the details of its anatomy, we 
shall be better prepared to examine such modifications of the various 
organs as are found in other orders destined to exist under diflerent 
circumstances. 

(1378.) The common Snails {Helix) are well known as far as relates 
to their external appearance ; and, insignificant as they might be thought 
by those unacquainted with their habits, they not unfrequently become 
formidable pests to the horticulturist, from the ravages caused by their 
voracity. On examining a Snail more attentively, wo find its body par- 
tially enclosed in a thick muscular envelope composed of transverse and 
longitudinal fibres, which, being unsupported by any skeleton, allows 
tho shape of tho animal to vary at pleasure, as it is shortened or elon- 
gated by tho contractions of the muscles composing it. Tho foot, or 
ventral disk, is equally composed of an interlacement of muscular fibres, 
and not only forms an extensive sucker, but, by the successive action of 
^arious portions of its substance, a slow and gliding progressive motion 
IS produced. 

(1379.) From the head of the Snail when its body is expanded, as when 
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in the act of seeking food, four tentacula are protruded (fig. 201, r, d), 
which, besides being exquisitely sensitive organs of touch, carry, at the 
extremities of the superior pair, two minute but perfect eyes. 'VMuui 
the creature is at rest, the tentacula as well as the eyes are retracted 
into the visceral cavity, by a mechanism hereafter to be noticed. A 
large proportion of tlie viscera is enclosed in a turbinated calcareous 
shell, of sufficient capacity to allow the whole body of the animal to be 
withdrawn from observ^ation and lodged in its interior. 

(1380.) The mouth is situated upon the under part of the head, and, 
when widely opened, exhibits a cutting instrument of singular con- 
trivance. Attached to the upper part of the muscular cavity that con- 
tains the oral apparatus thej^e is a broad horny plate, the lower edge of 
which is free, very sharp, and slightly curved, forming, in fact, a knife 
(fig. 261,/), admirably adapted to divide the leaves and soft parts of 
vegetables when they are pressed by the action of the lips against its 
cutting edge. 

(1381.) The fioor of the mouth is provided with a small cartilaginous 
tongue, covered with delicate transverse striie, and so disposed that by 
its movements it is weU calculated to assist in propelling the food into 
the oesophagus. . 

(1362.) The oesophagus (fig. 264, e') is continued from the muscular 
cavity (o') that encloses the dental plate, and soon dilates into a wide 
stomachal receptacle (y, r), the posterior portion of which, when in situ, 
is imbedded among the viscera contained in the shell ; but in the 
figure all these parts are unfolded and separated from each other. At 
the termination of the stomach, biliary vessels (c) are inserted, and the 
intestine commences, — the latter being a simple tube (a, e ) , intervolvcd 
among the masses of the fiver, nearly of equal diameter throughout, 
and presenting internally neither valves nor any other remarkable 
appearance. Externally the intestine is intimately connected with the 
lobes of the liver, among whieh it lies imbedded, by means of a delicate 
cellulosity and vascular twigs passing from one to the other. The anal 
aperture (o), when undisturbed by dissection, is placed upon the right 
side of the neck, in the immediate vicinity of the orifice (fig. 261, e) 
that leads into the respiratory cavity. 

(1383.) Two sets of auxiliary glands arc subservient to digestion, the 
salivary and the hepatic, both of which are of considerable size. 

(1384.) The salivary glands are semitransparent, and of a whitish 
colour ; they form two irregular broad ribands, which extend along the 
sides of the stomach (fig. 264, v), spreading out so as to embrace a con- 
siderable portion of its extent, and they are occasionally joined together 
by intercommunicating processes. Two ducts, one derived from each 
gland, run along the sides of the oesophagus, and open into that canal^ 
close to the mouth. 

(1385.) The liver is of largo proportionate dimensions, and is made 
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np of four lobes (fi^. 2G4, h, d) of a dark-brown colour, and composed 
of an infinite number of minute lobules, every one of which produces a 
biliary vess(?l ; and these, joining continually with each other, form four 
large hepatic dmds, one proper to every lobe of the liver. The four 
hepatic ducts ultimately unite into one great central vessel (c), that 
opens into the alimentary canal in the immediate vicinity of the pyloric 
extremity of the stomach. 

(1386.) The genus of Gasteropoda to which the Snail belongs is 
composed of air-breathing animals ; and we must accordingly expect to 
find these mollusca provided with a respiratory system specially adapted 
to the mode of life to which they are destined. The mechanism adopted 
is as follows : — A capacioiLS chamber, of a somewhat triangular form, is 
found placed beneath the dorsal surface of the body, and separated 
from the visceral cavity by a broad muscular septum forming its floor. 
Into this chamber a wide orifice (fig. 261, e), placed upon the right side 
of the body near the margin of the shell, allows the atmospheric air to 
enter. The roof of the respiratory cavity is covered with a most intri- 
cate arborescence of blood-vessels (rudely sketched in fig. 264, Ic), in 
which the blood is freely exposed to the air therein contained ; while 
the muscular floor, performing alternate movements analogous to those 
of the human diaphragm, continually draws in and expels the a^, so as 
to ensure its constant renewal. The manner in which respiration is 
effected, and the general disposition of the circulatory apparatus, is 
therefore briefly this : — The blood derived from all parts of the body is 
brought to the respiratory chamber by large veins provided for the 
purpose ; arrived there, it is dispersed through the countless ramifica- 
tions of dehcato vessels spread over the entire roof of the breathing 
cavity, and thus becomes exposed to the purifying influence of oxygen. 
The renovated blood is then rc-coUccted by the large pulmonary vein 
(Z”) ; and being conveyed to the heart, which is composed of a single 
auricle (7i) that communicates with a strong ventricular cavity (^), it is 
propelled through the entire arterial system derived from the aorta (/), 

(1387.) The whole of that part of the body of the Snail which is not 
permanently covered by the shell is defended by a thick skin, the 
surface of which is irregularly furrowed, and continually moistened by 
a viscid secretion that exudes from glands apparently imbedded in the 
substance of the integument ; and the tenacious slime so furnished, if 
the creature be irritated, is poured forth in astonishing abundance. 

(1388.) Nevertheless, besides the slimy material thus copiously sup- 
plied by the tegumentary glands, there is in the interior of the animal 
a special apparatus apparently destined to furnish a viscid fluid of a 
similar character. The gland alluded to, called by Cuvier*, par excel- 
lencCf the secerning organ of the viscosity,^’ is in the Snail a triang^ar 
viscus (fig. 264, i) placed in immediate contiguity with the pericardium. 

* Ilistoirc des Mollusques — M^'moire sup la Limace et le Colima^on. 
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On opening it, it is found to be filled with an infinite number of very 
thin laminm that adhere to the walls of its cavity by one of their edges, 
and become joined to each other as if by communicating branches. 
The excretory duct of this slime-secrotor, which, wo may observe, is 
found to exist in many other genera of Gasteropoda, accompanies the 
rectum to its termination, where it opens externally in the immediate 
vicinity of the orifice leading into the respiratory chamber. 


Fig. 264. 



Aniitomy of the Snail (^Helix pomatia). 


(1389.) An organ^ named by Swammerdam the <'sacculus calcareus,” 
has recently been supposed by Mr. Jacobson to perform the office of a 
kidney. '' Chemical analysis of the matter secreted by this viscus has 
led him to discover in it uric acid, ammonia, or calcareous salt, and 
water. He was unable to discover any trace of uric acid in any other 
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part of the animal ; and as, in the superior animals, the kidneys are the 
only organs which, in a state of health, secrete uric acid, and as the 
calcareous sac of the Snails has many other anatomical relations with 
the kidneys, Mr. Jacobson concludes that this sac represents the kid- 
neys, and must be so considered in all the Mollusca which are provided 
with it*.” 

(1390.) Before we enter upon a description of the somewhat complex 
generative system of a Snaily it will be proper to advert to one or two 
remarkable circumstances connected with the procreation of these sin- 
gular animals. We must first premise that every individual is herma- 
phrodite, and moreover presents a kind of hermaphroditism of the most 
perfect and complete description, possessing elaborately-constructed 
male and female organs, which are distinct and separate from each 
other ; but, nevertheless, the cooperation of two individuals is essential 
to the mutual impregnation of both. The manner in which they (jopu- 
late is not a little curious, their union being accompanied by prepara- 
tory blandishments of a very extraordinary kind, that to a spectator 
would seem rather like a combat between mortal foes than the tender 
advances of two lovers. After sundry caresses between the parties, 
during which they exhibit an animation quite foreign to them at other 
times, one of the snails unfolds from the right side of its neek^where 
the generative orifice is situated, a wide sacculus, which, by becoming 
everted, displays a sharp dagger- like spiculum or dart attached to its 
walls. Having bared this singular weapon, it endeavours, if possible, 
to strike it into some exposed part of the body of its paramour, who, on 
the other hand, uses every precaution to avoid the blow, by speedily 
retreating into its shell. But, at length having received the love- 
inspiring wound, the smitten snail prepares to retaliate, and in turn uses 
every effort to puncture its assailant in a similar manner. The darts 
are generally broken off in this encounter, and cither fall to the ground, 
or else remain fixed in the wounds they have inflicted. After these 
preparatory stimulations, the snails proceed to more effective advances. 
The sac of the dart is withdrawn into the body, and another sacculus is 
by a like process protruded from the common generative aperture. Upon 
the last-named organ two orifices are seen, one of which leads to the 
female generative system, while from the other a long and whip-like 
penis is slowly imfolded, being gradually everted like the finger of a 
glove, until it attains the length of an inch or more ; and then each of 
the two snails, by inserting its penis into the female aperture of the 
other, impregnates its partner, and is itself impregnated at the same 
time. Such is the peculiar manner in which the amours of snails are 
conducted. Let us now examine the internal viscera connected with the 
process. 

(1391.) The sac of the dart first requires our attention. This viscus, 

* Edinb. Journ. of Nat. and Geogr. Science, iii. p. 325. 
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when uninverted (for it must be turned inside out in order to expose the 
weapon within it), is a thick muscular bag (fig. 264, a ') ; and on open- 
ing it, it is found to contain the dart, attached to a nipple-like pro- 
tuberance at the. bottom of the sac. The dart itself is four-sided ; and 
as it grows by the constant addition of calcareous particles deposited at 
its base from the surface of the vascular protuberance to which it is 
fixed, so, if broken off, it is speedily reproduced in a similar manner, 

(1392.) The male pari of the generative system is composed of a 
testicle, vas deferens, and the whip-like above described. 

(1393.) The testicle is considered by Cuvier* to consist of two distinct 
portions ; one, a soft whitish oval mass (fig. 264, j?) ; while the other is 
elongated, thin, and granular (i/), being imbedded among the convolu- 
tions of the oviduct (i^). The vas deferens forms the excretory duct of 
both these portions, and terminates in the side of the penis, its orifice 
becoming, of course, external when that organ is protruded by evolution. 
The intromittent organ itself, as seen when lodged within the body of 
the snail, consists of two parts, a muscular bag which forms its body (b'), 
and a long whip-like portion (z) ; the latter is hollow, but not perfo- 
rated. The reader will now have little difficulty in understanding how 
this remarkable apparatus is protruded. The generative sac, common to 
both the male and female organs, first becomes inverted ; the body of 
the peiis (b') then undergoes inversion in a similar manner, so that the 
orifice of the vas deferens appears externally; and lastly, the long 
appendage to the penis ( 2 ), being likewise turned inside out by the action 
of the muscles that compose its walls, completes this strangely-con- 
stnicted instrument. Its subsequent retraction into the visceral cavity 
is effected partly by the assistance of a special retractor muscle, which 
acts upon the body of the penis, but principally by the same contrac- 
tility that accomplished its evolution. 

(1394.) The female system next demands our notice ; and this will 
be found to present for our investigation an ovary and lengthy oviduct, 
to which are appended certain auxiliary organs, namely the sperma theca 
and the multifid vesicles, 

(1395.) The ovary (fig. 264, s) is found situated in the inmost re- 
cesses of the shell, and partially imbedded in the substance of one of the 
lobes of the liver. From the ovary a long oviduct {q) is derived, which 
is at first thin and slender, but, soon becoming wider and more capacious 
(w), it gradually expands into an extremely convoluted intestiniform 
viscus, to which the name of uterus has been improperly given, and 
ultimately terminates in a canal derived from the spermatheca, to be de- 
scribed hereafter. It is during their passage through this enormous 
oviduct that the eggs attain their full growth preparatory to their 
expulsion from the body. 

(1396.) Another viscus, called by Cuvier simply the bladder, is, 

* TjOc, vif. 
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from the constancy of its occurrence, evidently an organ of importance ; 
and there seems to bo little room to doubt that it is intended to be a re- 
ceptacle for the seminal fluid, analogous in function to the copulatory 
pouches wo have already met with in InstSlIl^and' some Crustacea. The 
reservoir in question, which we have (fig. 264, i), 

is in the Snail placed above the stomacS ;'*^&'theeanal derived from it 
accompanies the sacculated oviduct, which it^^ately joins near its 
termination, in such a manner that the ovi^mnst pass the orifice of its 
duct as they are expelled from the body. It must nev^iftheless be con- 
fessed that the olfice hero assigned to the bladder ” is rather probable 
than positively established ; for in the Slug, so nearly allied to the Snail 
in its general organization, the excretory duct of this organ opens into 
the common generative sac by an aperture distinct from that which 
leads into the oviduct, although even here the two are closely ap- 
proximated. Cuvier suggests that perhaps it may furnish some material 
useful in forming an envelope for the ova ; but experiments are still 
wanting upon this subject. 

(1397.) There is still another set of organs connected with the canal 
by whi(;h the eggs escape from the oviduct of the SnaU ; and these, 
although peculiar to the genus wo are examining, no doubt furnish a 
secretion of importance to their economy. They arc called the i^ultijid 
vesicles (fig. 204, y), and arc composed of a series of branched cajca de- 
rived from two excretory ducts, by which a milky fluid, secreted by the 
eicca, is poured into the egg-passage prior to its termination. 

(1398.) Although it will bo convenient to speak in more general 
terms concerning the nervous system of the Gastekoi>oi)A than the exa- 
mination of a particular species w'ould permit, we deem it necessary, 
before closing our description of the Snail, to describe with some minute- 
ness the senses possessed by these terrestrial mollusks, and more espe- 
cially the extraordinary mechanism provided for withdrawing the most 
important instruments of sensation into the interior of the body when 
they are not in actual employment. 

(1399.) The only senses that wo can e.xpect to meet with in animals 
deprived of either an external or internal skeleton arc those of taste, 
smell, vision, and touch. 

(1400.) The sense of taste, judging from the structure of their 
tongue, must bo extremely obtuse ; and although these creatures are 
evidently possessed of smell, it is not easy to point out where their 
olfactory apparatus is placed. The eyes, however, are now found to 
present a perfection of structure correspondent with the enlarged brain, 
and occupy a singular position, being situated at the extremities of the 
two superior tcntaciila appended to the head ; while the inferior pair, 
adapted, as it would seem, more exclusively to the perception of tactile 
impressions, arc deprived of visual organs. Roth the upper and lower 
tentacula arc retractile, and can be completely inverted, so as to bo 
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withdrawn into the interior of the body. To effect the inversion by 
which this end is attained, the plan represented in tlic accompanying 
figure is had recourse to. Each tentacle is a hollow flexible cylindcn*, the 
walls of which are muscular, and composed of circular fibres. AMieii 
partially retracted, as in the tenhicle marked (r) in the figure (fig. 2(15), 
the extremity of the organ 
is drawn inwards, and two 
cylinders are thus formed, 
one within the^ other: if 
the outer cylinder is elon- 
gated, as in protruding the 
tentacle, it is at the ex- 
pense of the inner one ; 
and, on the contrary, the 
inner cylinder, when the 
organ is retracted, is 
lengthened as the other 
becomes shorter. To evert 
the tentacle the contrac- 
tion of the circular muscles 
that fofm its walls is suffi- 
cient, as they can gradu- 
ally unroll the whole by 
squeezing out, as it were, 
the inner portion ; but to effect its inversion a special retractor muscle 
is re(\uircd. This muscle (g) arises from the general muscular mass 
composing the foot and retractile apparatus provided for drawing the 
snail into its shell: the long* slip of muscular fibres so derived, accom- 
panied by the optic nerve (f), traverses the interior of the cylin- 
drical tentacle quite to its extremity, where it is attached, and thus, as 
f he reader will easily conceive, is quite competent to cause its inversion. 
The lower feeler (d) is represented in the figure as partly retracted by 
the action of its ajjpropriate muscle (h) ; while the corresponding one (r^), 
being completely turned inside out, is fully withdrawn and securely 
packed among the viscera. 

(1401.) One circumstance connected with the contrivance above de- 
scribed cannot but excite attention ; and this is, the peculiar arrange- 
ment of the tentacular nerves, whereby they arc adapted to changes of 
position so extensive ; the optic nerve (/), for example, must not b (5 
stretched even when the eye-bearing tentacula arc protruded to the 
uttermost ; and in order to provide for this, when the feelcre arc not 
extended, the nerves become thrown into close folds (/«), and lodged 
within the cavity of the body. 

(1402.) From the above somewhat lengthened account of the ana- 
tomy of the Snail, the reader will at least have been ablo to become 
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acquaintcid with the general features of an organization whicli is more 
or Icjss common to all the members of the extensive class under consider- 
ation. We must now, however, enter upon a more enlarged survey ot‘ 
the Gasteropoda, and divide them into such gi’oups as will facilitate 
our further investigations concerning their structure and habits. The 
most convenient character by which the different orders composing the 
class are distinguished has been found to be derived from the nature 
and arrangement of the respiratoiy apparatiis, which of course varies 
both in construction and position, according to the circumstances under 
which particular tribes or families are destined to exist. 

(1403.) We have already found thtt terrestrial species, such as the 
Snail, breathe air, which is alternately drawn into and expelled from a 
cavity lined \sdth a vascular network ; and these, from the resemblance 
between such a mode of breathing and that of animals possessed of 
proper lungs, have been formed into an order distinguished by the name 
of PuLMODEANCiiiATA. Novorthcloss all thc pulmobranchiate Gastero- 
poda are not terrestrial ; our fresh waters abound with various species 
that respire air by a similar 
contrivance, and are conse- 
quently obliged, in order to 
breathe, to come continually 
to the surface of thc shallow 
pools wherein they arc found. 

Thc rianorhis and Limneeus 
are examples of this mode of 
I’ospiraiion, and are mot with 
in every ditch, where they 
voraciously devour the sub- 
aquatic vegetables upon whiclx 
they feed. 

(1404.) It is at once evi- 
dent that in marine Gastc- 
ropods another mode of aera- 
ting the blood must be re- 
sorted to, and branchiae, of 
some description or other, 
substituted for a pulmonarj^ 
caxdty. 

(1405.) The branchiae given 
for this purpose are variously 
constructed — sometimes ap- 
pearingas extensively branch- 
ed and arborescent append- 
ages to thc skin, or else they form broad and thin lamellae attached to 
the exterior of thc body ; but more frequently the respiratory apparatus 
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consists of vascular filaments arranged in a pectinated manner along a 
central stem. Wliatever their form, however, their office is tlie same, 
namely to present a sufficient surface to the surrounding medium, in 
order adequately to expose the blood that circulates abundantly tlirongh 
them to the influence of oxygen. 

(1406.) It is Item the, |)>ositH^ and arrangement of the branchial 
organs that the l^ranchiferou|; ©|fi||cropoda have been classified ]>y 
zoologists. Thusfin thd'ili^nd btder, called from this circumstance 
NuDiBRANCHiATa, tb^.are naked, and placed upon some part of the 
back; sometimes, as in Extending along its entire length; 

but in others, as for example in l)ms (fig. 266), they arc confined to its 
posterior part, and form a circle around the anal orifice, of exquisite 
beauty, and not inaptly comparable ^to a flower in appearance and 
disposition. •. ‘ ' 

(1407.) In the IxFEEoniiANCHiATA the branchiae resemble two long 
rows of leaflets, placod'on the two sides of the body, under a projecting 
edge formed by the mantle. 

(1408.) The TECTiimAXcniATA have respiratory organs upon one side 
of the body only, and concealed by a flaj) derived from the mantle. 
Such, for instance, is the case with Pleurohranchm and Aph/sia, in 
the foiyicr of which the elegant branchial fringe is situated in a deep 
sulcus between the edge of the mantle and the prominent margin of the 
foot (fig. 267, (1), 

Fig. 207. 



Pk'UrobranchuB. 

(1409.) But by far the most numerous order of the marine Gastero- 
poda (PECTiNimiANcniATA), which, in fact, includes all the inhabitants 
of spiral univalve sea-shells, have their branchiae placed internally in 
a capacious cavity, into which the water is freely admitted (fig. 202, «). 
This cavity is situated in the last or widest turn of tlic shell, and com- 
municates with the exterior of the body by a very wide slit, to which in 
some genera a long siphon (fig. 202, /), formed by a fold of the mantle 
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or general covering of tlio animal, conducts the respired Iluid. The 
hranchia) themselves, as the name of the order indicates, are i)cctinated, 
and form a single, double, or triple series of gills suspended from the 
roof of the branchial chamber^ answorijjg the same intention as the 
pulmonar}^ network of the Snail, but deriving tfein supply of air from 
the water in which they are porp^^ly Ammersw. In the figure 
referred to, representing a sp^i^^^ position of the 

branchial chamber is seen throi^ff the sK^lfand mantle, which the 
reader must suppose to bo transpitrint ; . and thi^hranoHial organ (a), 
in this case single, is likewise repf^^^ed in situ, suspended from the 
roof of the cavity that contains it. ^ ^ 

(1410.) In fig. 275 the roof K# 268. 

the respiratory carity (a?) ^as‘ 
been reflected, and the three rows 
of branchial fringes (w) suspended 
therefrom are well seen. 

(1411.) A sixth order of Gas- 
teropods has been formed by 
Cuvier under the name of Tubuli- 
BBANCiiiATA, remarkable from the 
shape of their shells, which are 
long and irregidar tubes, usually 
fixed to foreign bodies, but still 
they have the earliest-formed por- 
tion twisted into a few spiral 
curves. To this order belongs 
Vermdus (fig. 20S), the shells of 
which, agglomerated into masses, 
might be taken for those of cer- 
tain Serj>'ultv. As locomotion is 
here out of the qiK^stion, owing to the immoveable condition of tlie 
habitations of such genera, the foot would seem at first to be altogether 
deficient, but upon close inspection it is found to be converted into a 
fieshy organ that bends forward and projects beyond the head, where its 
extremity expands into a disk fiu’iiished with a small operculum ; so 
that, when the animal rctii’os into its abode, a lid is formed adapted to 
close the aperture, and thus prevent intrusion and annoyance from 
without. Nevertheless even in Ijiese the hranchia) arc pectiniform, 
forming a single row attached to the roof of a branchial chamber. 

(1412.) The 8c im BRANCH FATA likewise have pectinated gills disposed 
in a special cavity ; but their shells are very wide, and scarcely ever 
turbinated — a circumstance which, combined with other features of 
their economy, renders it convenient to consider them as forming an 
order by themselves. 

(14115.) All eighth di>ision of this extensive class takes the name of 
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Cyclobranctitata, because the branchiae form a fringe around the body 
of the animal, between the edge of the body and the foot (fig. -fiO, c ; 
fig. 2G3,fO. 

(1414.) Lastly, a distinct order has been established to embrace 
certain families in which the foot is so much compressed as to constitute 
a vertical muscular lamella, that presents meredy a remnant of the 
ventral sucker so characteristic of the entire class, and which can only 
be serviceable in performing the office of a fin used in swimming; hence 
those mollusks have been called HETERoroDA. Their branchiae are 
placed upon the back (fig. 269, d)^ and resemble small detached tufts. 
The form of these heteropod Gastcropoc^a the reader will gather from 

Pig.m 
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an inspection of the accompanying figure, representing a species of 
Pterotracliea ; but the details connected with their anatomy, therein 
delineated, will bo explained hereafter. 

(1415.) It would be useless to weary the student by describing the 
course of the blood-vessels in all the orders we have just enumerated ; 
their distribution necessarily varies with the changes observable in the 
position of the branchiaj ; still, whatever the situation of the respiratory 
organs, the general course of the circulation is the same, and essentially 
similar to what has been already described in the Snail : one or two 
examples will therefore answer our purpose. In the Pectinibranchiata, 
as for instance in Buccimim (fig. 275), the heart (r, 5 ), enveloped in a 
distinct pericardium, is placed at the posterior extremity of the branchial 
chamber, and consists, as in aU the Gasteropoda, of two cavities — a 
thin membranous auricle, and a more muscular and powerful ventricle. 
It receives the blood from the organs of respiration by a largo branchial 
voin (fig. 275, q), that communicates with the auricle («). The con- 
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traction of the auricle forces the circulating fluid into the veniricio (>■), 
which in turn (Irivcs it into the aortic or arterial system of vessels. 
The aorta, in the case before us, divides into, two principal trunks, of 
wliich one {in ) is directed forwards to supply the foot and anterior part 
of the body, a\ liile tlie other (<) winds among the mass of viscera con- 
tiiincd in tlie shell, to which it distributes its ramifications. Tlie blood 
thus dispersed through the sy^em is taken up by the commencements 
of tlie veins, to bo reconveyed to the branchiee, there to begin again 
the circuit wo have described. 

(1416.) When the branchiae are external, and largely distributed 
over the surface of the body, as for instance in Tritonia, the purified 
blood is brought from, the branchiae .. to the heart by capacious veins 
which run beneath each branchial fringe and collect it from the nume- 
rous respiratory tufts ; or if, as in Doris (fig. 266), the branchiae encircle 
the anus, a largo circular vein placed at the base of the branchial 
apparatus receives the blood and pouin it into the auricle. In all cases, 
however, the course of the blood is essentially the same, and the heart 
is systemic. 

(1417.) In Aiihjsia^ one of the tcctibranchiate (lastoropods, the 
branchia) (fig. 270, a, ^») consist of delicate lamella) minutely subdi- 
vided ; and the vessel (c) which brings the blood derived from all parts 
of the body to be distributed over the extensive surface thu8%rmcd, 
presents a structure of no ordinary interest to the physiologist*. At 
some distance before it arrives at the respiratory organs it divides into 
two main branches ; and the coats of each vessel so formed appear to be 
made up of transverse and oblique muscular bands that cross each other 
in all directions, so as to leave between them very perceptible apci-turcs, 
through which injections of any kind readily escape into the abdominal 
cavity, and, of course, fluids derived from the abdomen as easily pene- 
trate into the interior of the veins. At some points, indeed, these veins 
stHuii absolutely confounded with the visceral cavity,-— a few muscular 
bands widely scparatcMl from each other, and not at all interriijiting a 
free communication, being alone interposed. The result of Cuvier’s 
anxious researches concerning this remarkable feature in the organiza- 
tion of these Mollusca led him to the following important conclusions, 
which are no doubt extensively applicable to the Gasteiioi’oda gcaie- 
rally : — 1 . That in Ajihjsia there are no other vessels ai)pointcd to con- 
vey the blood to the branchia) than the two above described. 2. That 
all the veins of the body terminate in these two canals. Now, as their 
communication with the abdominal cavity is evident and palpable, 
whether we call them venev caviv^ or cavities analogous to a right 
ventricle, or bnmdiial arteries ^ — for it is manifest that they fulfil the 
functions of these three organs, — the inevitable conclusion is, that 
fluids poured into the abdominal cavity can become directly mixed with 
* Cuvier, Meiiioire sur Ic Ocniv Aplasia. 
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tho mass of the blood and thus conveyed to the branchia), and that the 
veins perform the office of absorbent vessels. 

(1418.) This extensive communication is undoubtedly a first step 
towards the establishment of that, still more complete, which nature 
has established in Insects, where, as wc have seen, there arc not even 
distinct vessels of any kind appointed for taking up tlic nutritive fluid. 
From these facts Cuvier concludes that no proper absorbent systoin 
exists in tho Mollusca, still less in animids inferior to them in the scale 
of creation. 

(1419.) Tho vein appointed to convey the renovated blood from tlie 
branchiae to the heart, when slit open (fig. 270,(?), exhibits tlio orifices 

Kg. 270. 



Vena, of Aplytda laid open. 

of the smaller vessels derived from the respiratory laminae arranged in 
circles. The auricle of the heart is made up of reticulated fibres (<?) ; 
and when laid open it is seen to be separated from the more muscular 
ventricle {g) by a valve (/), whereby any retrograde movement of the 
blood is prevented. 

(1420.) In Aplysiaj tho arterial blood, having been distributed 
throughout the body by means of the heart and aortic vessels, is received 
into a capillary system, which forms a rich network composed of minute 
vessels, the walls of which are perfectly distinct ; but these capillaries 
are found not to be continuous with any system of recurrent vessels, 
but gradually resolve themselves into little lacuna) formed amongst the 
interstices which occur between tho bands of cellular membrane and 
the fibres of various tissues. These vacuoles communicate in their turn 
with larger lacunoc, situated beneath the common integuments, or occu- 
pying the interspaces between the muscular fasciculi of tho foot of the 
mantle, and of other parts of the body. The result of this arrangement 
is the formation of a vast system of venous cavities, dispersed through- 
out the abdominal parietes. In the foot and in the lobes of the mantle 
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these lacunuD arc very dilatable, and afford space for a considerable 
accumulation of Iluid ; in the dorsal region, on the contrary, they arc 
small, and mor(3 densely congregated. It is this structure which con- 
stitutes the a(iuifcrous system of Dclle Chiaje ; but it has no commu- 
nication with tlio exterior of the body. The membrane, which imper- 
fectly lines the abdominal cavity, separates this structure from the 
visceral cham]>or, but does not cut off the communication that exists 
between them ; on the contrary, the peritoneal tunic is itself of a s])ongy 
toxtui e, and is p(;rforated with numerous apertures, whereby a free 
passage is established between the subcutaneous lacunae and the interior 
of the abdomen. In this ^ay it happens that, when a coloured fluid is 
injected into the visceral cavity, the whole lacunary system becomes 
flllcd ; and on throwing injections, oven of coarse materials, into the 
muscular interstices of the foot or mantle, they are seen at once to diffuse 
themselves through the abdominal cavity. 

(1421.) From the above and similar facts, Milne-Edwards has satis- 
factorily established the following important conclusions : — 

1st. That no complete vascular system exists Jh any of the MoUusca. 

2nd. That throughout a greater earless extent of the circulatory circle 
veins arc entirely wanting, their functions l^ng pdrformed^1h|ough the 
medium of lacunoc, or by the great cavitieii"^#ie body., r: 

3rd. That frequently the veins are wanting altogether* and that in 
such cases the blood distributed through the body b^^the" arterial system 
can only return to the respiratory surface by the intervention of the 
interstitial lacunoc above described. 

(1422.) Professor Huxley, in a letter addressed to Professor Milne- 
Edwards*, relative to the circulation o^. the blood, expresses himself 
veiy decidedly upon this important point, in the anatomy of the Mol- 
liisca. In Firolttf one of the Hetoropod division, ho observes that, 
owing to the perfect transparency of the body of this mollusk whilst 
alive, nothing is more easy than to observe the circulation of the blood 
throughout its entire course. In this creature no veins whatever are 
ohservahh. The globules of the blood may be seen to issue in crowds 
from tlic open termination of the arteries of the foot, through the 
substance of which they immediately become diffused, and may likewise 
be observed to pass from the mass of the mouth, in which the aorta 
terminates, directly into the peri-intcstinal cavity, in which they may 
be seen to return gently, frequently stopping in their course towards the 
heart. Occasionally some of them may be traced directly into the 
auricle, passing through the interspaces between the network of muscu- 
lar fibres composing its walls t, in the meshes of which they maysomc- 

* Atm. des Sci. Nat. 1850. 

t 111 F/roh, Professor Huxloy assures us, the walls of tlto nurido of the heart aro 
(•om))oscd of a kind of lacowork made up of striatod and rainilicd muscidar fibres, 
between wliieh lar^a' open spaces arc observable. 
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times be observed to stop for a short period. When the aninnil begins 
to grow weak, and the circulation becomes cnfecldcd, it is even possible 
to follow with the eye any given globule during its passage through the 
peri-intestinal cavity, and through tlic heart into the aorta. 

(1423.) In studying the anatomy oi Ilaliot is, Milne-Edwards ' ob- 
served that, although injections thrown into the heart were easily made 
to fill the general arterial system, so as to exhibit the arteries supplied 
to the liver, to the stomach, and internal viscera generally, and also to 
render visible even the capillary vessels, in the head he invariably 
found the injection extravasated so as to fill great cavity, in which 
were lodged the brain, the salivary gland||t^'" pfearynx, and all the 
muscles belonging to the o^a^aiiaj^. it was supposed that 

this extensive extravasatiokiwipt^^ by some rupture of the vascular 
parietes ; but after many unsuccessful attempts it was at last discovered 
that, on attempting to follow the course of the aorta into the head, it M'as 
impossible to find any trace of that vessel beyond the point whore this 
extravasation invariably began to show itself: at this place, indeed, 
the walls of the great artery entirely disappeared, or, rather, became 
confounded with the membranous septum that here separates tlie abdo- 
men from the cephalic cavity : neither could any continuity bo traced 
between the arterial tmnk, after its entrance into this extensive cavity, 
and thS arteries proceeding from it to ramify in the fleshy portion of 
the foot, although these latter wore invariably woU filled with the 
coloured injection employed ; and it soon became evident, from numerous 
observations, that in this Oasteropod a free communication is normally 
established between the great arterial trunk of the body and the cephalic 
cavity, wherein are lodged the principal nervous centres and the whole 
anterior portion of the digcstjvc apparatus, and that this cavity, in thci 
living animal, is filled with arterial blood. In fact, tlic aorta having 
reached the spot where the digestive canal curves downwards to descend 
from the upper aspect of the pharyngeal bulb into the abdominal cavity, 
it plunges directly into a wide space or lacuna which surrounds the 
pliarynx and occupies all the front part of the head, taking the place of 
the cephalic portion of the aorta ; and the arterial blood poured by that 
vessel into this space directly bathes the brain, the muscles of the pro- 
boscis, and all the anterior part of the alimentary canal, after which it 
goes to supply the muscles of the foot and the cephalic appendages. 

(1424.) But there is one circumstance connected with this arrang(^- 
ment which appears oven still more strange, namely that, while a por- 
tion of the general cavity of the body thus completes the vascular appa- 
ratus, the aorta to a certain extent acts as an abdominal cavity ; for in 
its interior there is lodged a part of the digestive apparatus. 

(1425.) To ascertain this fact it is only necessary to slit open the 

* “ ObaervaiioiiB sur la Circulation chez los Mollusqiies,” par M. Mi Inc-Ed wards 
(Ann. do8 Sci. Nat. 1847). 
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aorta, tlio calibre of which is in this part as wide as a goose-quill ; it is 
then seen that tlic large subcylindrical basis of the tongue, which pro- 



Circulation of llalioHe (after Milnc-Edwords). A, the head; B, the foot; C C, the two lobce of 
the mantle ; n, mucus-accreting organ ; E E, the two branchiae ; F, the anus. Beneatli the rectum, 
that tcmiinatca at thia outlet, is seen the oriflee of the urinary apparatus; and a little further back, 
situated above the intestine, is the orifice of the generative apparatus. O, fold of intestine, whi(!h 
is lodged in a special compartment of the abdominal cavity, sepfurated from that containing tlu^ 
stomach by a fibrous septum, ii, the stomach, of which the anterior portion has been in a great 
measure removed, i, ))haryngeal cavity laid open. JT, abdomen. 

a, aortic vi'iitriele surrounding the rectum. 

b, the left auricle, into which opens the eftcrent vessel of the corresponding bronchia, a portion 
of which is shown at K. Thu right auricle is seen immediately beneath the ventricle, and the 
corn'8i)onding branchia has been raised in order to show throughout its entire length the 
branchial vt'in or «‘ffereiit canal, E, which runs along the adherent margin of the brancliiu, and 
brings arterialized blood from that organ to the heart. 

c, th<* great aorta, which arises from the posterior extremity of the ventricle and runs forward 
bctweiMi the stomach and the intestine to discharge itself into the cephalic cavity. 

d, tin* abdominal artery, or posterior aorta, which arises from the commencement of the aorta 
and follows the. (-onvolutionH of the intestine, to which, as well as to the liver, it furnishes branches. 

e, arterial sinus, into which the aorta empties itself. This is a great oi'phalic lacuna, limite<l 
above by the parietes of the pharynx, in front by the integiunents and muscles of the head, and 
posteriorly by flbro-cellular bands. On injecting the animal by this ceplialic chamber, the wl»ole 
arterial system is immediately filled. 

/, the. gn?at artery of the foot, which arises from the cephalic sinus, and soon divides into four 
branches, which extend towards the hinder part of the foot. .V, one of its lattTol branches, 

h, afferent vessel of the hift branchia. A little in front of the h(‘art is seen the transverse canal, 
or common venous reservoir of the ftraHcAhe, which unites this vessel with its fellow, and which 
r<‘ceives the vt'ins frmu the rectum. 

i i, veins of the two lobes of the mantle in communication with a capillary network that extemds 
along the huso of the branchiae, and is proceeding to anastomose with th«< hranchio-eardiac vessels. 

k, efferent vessels from the urinary gland opening into the common venous reservoir of the 
branchiae. 

l, venous canal of the shell-membrane or partition that extends from the walls of the abdomen 
to the margin of the shell. 

m, hepatic veins proceeding to open cUrectly into the free si>ace which surrounds the intestine, and 
which is eontiniio'iB with the r<*st of the alKloniinal eavity. On the posterior part of the foot are 
seen veins whi<*h open into a system ofhu’unaD situated upon the median line, and commiuiicaling 
with the ubdoniiiial cavity. 
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jectg from the posterior margin of the pharyngeal mass, is entirely 
enclosed within it. This orgjiii, indeed, protrudes to a considerable 
distance into the interior of the arterial tube ; and it is from the ])ortion 
of the aorta which thus forms a sheath for the lingual apparatus that 
several arteries take their origin, the branches of which are distributed 
to the intestine and abdominal parietes, the ontices of which arc discover- 
able when the tongue is withdrawn from its aortic sheath. 

(1426.) The inferior condition of the circulatory system in the 
llaliotis is, however, not indicated only by the singular arrangements 
described above. In that portion of the mantle which is adherent to 
the shell, and which forms a sort of border to the posterior and lateral 
parts of the body, arterial vessels seem to be altogether wanting, the 
whole circulation being apparently carried on by vessels which rccidve 
venous blood, derived immediately fi^m the abdominal cavity, to which 
they partially return it, but at .the'sihio time convey a portion thereof 
into the branchio-carditj^yei^i^in the immediate vicinity of the heart. 
The fibrous tissue wherein ...ym^ls are enclosed seems but little 
calculated’ to pe^nn the accessory respiratory appa- 
ratus ; so U^ould from this anatomical arrangement, that 

all the blood in progress the heart is not submitted to the in- 

ittenee^of the and |^t it is a mixture of venous and arterial blood 
that is distributed by the heart throughout the arterial system. 

(1427.) Lastly, it may be noticed that in the cephalic region, where 
the Cerent organs are in immediate contact with the arterial blood, no 
traces are dise^mible: either of veins or of lac unto serving to return 
the blood thus eifih^ to the respiratory apparatus, whereas in other 
parts of the body venous canals are met with, the disposition of which 
is very remarkable : these all communicate freely with the abdominal 
cavity, as is tho case in other Gasteropod Mollusca ; but in the liver, 
the generative glands, and more especially in the urinary apparatus, 
they nevertheless form true vessels, tho ramifications of which arc ex- 
tremely numerous. 

(1428.) In Patellcty or tho Limpet, the size of the cephalic sinus that 
receives blood from the aorta is even more remarkable than in tho 
llaliotis : in the Fatella, indeed, the tongue is not itself lodged in tho 
aorta, as in the former case, hut is enclosed in a membranous sheath ; 
the sheath, however, in its turn becomes part of an arterial chamber, 
into which tho aorta empties itself. The aorta itself gives off veiy few 
branches, while from the lingual sheath arise all the principal arteries 
of the body. 

(1429.) The arterial blood fills not only the sheath of the tongue, but 
is likewise diffused throughout tho whole cephalic cavity, where it 
bathes the muscles and nerves in tho same manner as in llaliotis ; but 
the extent of the sanguiferous sinus is much more considerable than in 
that mollusk. If, indeed, the capacity of these sinuses be estimated, 
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t}icy will be found to contain more blood than all the rest of the arterial 
system pnt tog(‘tlier. 

(14, SO.) 8iK*b is the construction of the heart in a great majority of 
the Gasteropoda ; but in a few of the lowest orders, namely those most 
iK'arly allied lo the Conchipera, slight modifications are met with. 
Thus, in Chlioa (fig. 203), so remarkable from the singularity of its 
shelly covering, the heart is situated in the middle of the posterior 
i-egion of the ])ack, and is furnished with two auricles, one appropriated 
to etieli latenil scries of branchiae ; and,; what is still more remarkable, 
each auricle would seem to communicate with the ventricle by two 
distinct orificc^s. In Hali(Hi8y Fissurella, mSi others of the Scutibran- 
chiatc and Cyclobranchiate orders, the resemblance to the arrangement 
generally met with among the Conchifeea is even more striking ; for 
in such genera not only are there two .distinct auricles, but the ventricle 
embraces the rectum, so that, when eup^ficially examined, it seems to 
be perforated for the passage of the infea^e,, 

(1431.) In Pterotraehea (fig. 2^3^ 1^p/lj*|inchiaQ (d) are placed upon 
the back, and the blood deriveofr^M^^I^ con|poi^g.;tj^e^^ranchial 
apparatus is received into a two-cl^ft^plpl^heart,^.^ it is 

distributed to the body through the Js at^ii^ double ; but, 

after surrounding the visceral sac and supping tho iteera, the two 
vessels unite to form one large trunk (m), which traverses the body as^ 
far as the head. 

(1432.) Independent of the ordinary vascul^ system, Dello'Ohiaje 
discovered the existence in most Gastcropods of a systeni of water- 
vessels largely distributed throughout the subs^nce Of the foot and 
other parts of the body. Thus, in the anterior part of the foot of the 
Muricidm*, there are to be seen certaih holes or antra, which are the 
apertures to as many little cavities lying underneath, and which per- 
meate the interior substance of the foot. There are, besides, between 
these cavities slender canals communicating with the same orifices, by 
means of which tlie whole are connected and inosculated together. 
The water entering the body through the siphunclc is thus, at the will 
of the animal, driven into the substance of the foot, which is in this way 
rendered turgid and firm ; and when necessary, by a strong pressure, 
the fluid is ejected, or is spontaneously discharged after death, when the 
foot becomes flaccid and extenuate. Opinions relative to the use of the 
water thus freely admitted into the body of the Mollusca are various ; 
its principal object, however, seems to be to enlarge and moisten the 
structures over which it is distributed. 

(1433.) The digestive system of the Gasteropoda, as we might be led 
to expect from the numerous and widely-difibrent forms of the animals 
belonging to the class under consideration, presents endless diversity of 
structure ; and did wo not strictly refrain from noticing any but the 
* Delle Oiiaje, Aiiiin. sciiza Vert. d. Nap. ii. p. 204. 
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most important moclification.s, it would bo easy to overwhelm the most 
patient reader with accumulated details. 

(1434.) The mouth we shall consider as exhibiting four distinct 
types of organization ; one of which, namely that met ^vith in the Snail 
and the generality of pulmonatcd Gasteropoda, has been already de- 
scribed (§ 1380). 

(1435.) The second form of mouth — that, for instance, of Pletiro- 
hmiichus (fig. 267, «) and of Pterotrachea (fig. 2G0, />) — consists of a 
simple muscular proboscis, or fleshy tube, which is capable of consider- 
able elongation and contraction: such an oral ai)paralus is entirely 
devoid of teeth or any cutting instrument, but is nevertheless fully 
able to seize and force into the stomach such materials as aro used for 
food. 

(1436.) A third kind of mouth, by no means so frequently met with 
as the last, is not a little extraor^ary, and forms a more efficient 
cutting instniment than even that of the Snail. We sh:dl offer, as tin 
example of this remarkablo-dtgan, t^t of the Tritonia IIomhergHy re- 
presented^ in annexed., .flgure (fig. 272), 

whereof gives the ibl^H^^graphic de- ^72. 

scriptioh^i this animal a 

large oval axidHe^y mass endoshig the jaws 1 1 
and their musdea, as wellM a tongue covered ^ \ 1 
mth spines ; and its opening is guarded by two (i ■ ) L |j w^ 
fleshy -lips. The jaws form the basis of all b f'j j 

this apparatus : their substance is homy ; their w 1/ ijB / J ' 1 

colour a yellowish hrown j and their form (very 1 1 ) 

extraordinary for an organ of this kind) cannot ^ - J 

be bettor described than by comparing them 
to tho shoara used in shearing sheep. IVy Mouth of 
differ, however, in the following particulars : — 

instead of playing upon a common spring, the two blades are found to 
work upon a joint, and, instead of being flat, they arc slightly curved. 

(1437.) These two blades are very sharp, and there is nothing that 
has life that they cannot cut when the animal causes tlie cutting edges 
to glide over each other. For this purpose muscles of groat strength 
arc provided, the fibres of which arc transverse; and their office 
is to approximate the two blades, that arc again separated by the 
natural elasticity of the articulation whereby they are united at one 
extremity. 

(1438.) The aliment, once cut by the jaws, is immediately seized by 
the papillae of the tongue, which, being sharp and directed backwards, 
continually drag, by a kind of peristaltic movement, the alimentary 
materials into ttie oesophagus. 

(1439.) The fourth and most complicated form of mouth is found 
* MOmoirc gur le Tritonia. 
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in the Pcctinihranchiatc Ojistcropods ; iind with its assistance these 
animals can bore througli the hardest shells in search of food, making a 
hole as round and smooth as if it had been made by a drill of human 
(!ontrivance. It is from Cuvier we again borrow the subjoined descrip- 
tion of this uni(juo apparatus^. 

(1440.) The proboscis of Biiccmum is organized with marvellous 
artifi(;o. It is not simply provided, like that of the elephant, with the 
means of llcxiou and extension, joined with a limited power of contrac- 
tion and elongation, but it can bo entii’ely retracted into the body by 
drawing itself into itself in such a manner that the half of it which 
forms its base contains and encloses the half nearest its point ; and it 
can protrude itself from its sheath thus formed, by unrolling itself like 
the finger of a glove, or like the horns of the garden snail : only it is 
never completely retracted, but always remains more or less folded upon 
itself. 

(1441.) It may be represented as being composed of two flexible 
cylinders, one contained within the other,- as shown in the annexed 
figure (fig. 273), the upper edges (i the 
two cylinders being continuous ia' a 
manner that by drawing out the inner' ^linder 
(b b) it becomes elongated at the excise of 
the other, and on pushing it in again it be- 
comes shorter, while the outer cylinder (^") is 
lengthened by adding to its upper mai’gin. 

(1442.) The reader must now imagine a 
multitude of longitudinal muscles (d cl), all 
very much divided at both their extremities, 
and attached by one end to the parietos of. the 
body, whilst by the opposite they are fixed to 
the interior of the inner cylinder of the pro- 
boscis (b) along its entire length and as far as 
its extremity. It is evident that the action of 
these muscles will retract this cylinder, and 
consequently the entire proboscis, into the 
body. 

( 1443.) When thus retracted, a great part of 
the inner surface of the internal cylinder (b) 
will necessarily become a portion of the external surface of the outer 
(cylinder (/»;), and the contrary when the proboscis is protruded. It is 
in consequence of this that the insertions of the muscles ((? cl) vary in 
position. 

(1444.) The protnision of this proboscis is effected by the action of 
the circular muscles that form its walls. 

(1443.) When the proboscis is extended, the retractor muscles 

^ “ Memoirc sur Ic grand Buccin (Ifucchutm undatum), ct sur son Anatomic.” 
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(lig. 273, d d), if they do not act altogether, serve to bend it in any 
direction, thus becoming the antagonists to each other. 

(1446.) In^ the intern^ cylinder are contained the tongue, with all 
itft apparatus (|g e), the salivary ducts (/), and the greater part of the 
} hat th^ of flio proboscis is to apply the 

end hi^.tlilti^g3ie ,to thc^luiiaco of h^os that the Buccinum wishes to 
erode and^«u&/ is a cartilaginous membrane, 
armed wiftf foijjke^ndit^efy sh^jpipes. It is sustained by two long 
cartilages, the cxtrei^es of VPcS two lips (r), that can be sepa- 
rated or approximated } or can be made to move upon 

each other by the m<)^ of muscles in wMbh they are imbedded. When 
these cartilages move, the spines that cover the tongue are alternately 
depressed and elevated; and by a repelhibii. of similar movements, 
aided perhaps by soine solvent quality in the. saliva, tlie hardest shells 
are soon perforated by this singular file. 

, (1447.) The salivary glands are 
lodged in the visceral cavify,, and 274. 

are composed of numerous secern- 
ing c£cca enclosed in a membra- 
nous capsule (fig. 274, A, Jc ) ; their 
, e\ which are necessarily 
as the proboscis when ex- 
tended to the utmost, open by two 
apertures placed at the sides of 
the spinous tongue (ft). Tlie oeso- 
phagus (fig. 273, g g) runs along 
the centre of the proboscisthrough- 
out its entire length, and, when 
that organ is protruded, becomes 
nearly straight; but when the 
proboscis is drawn in, the oeso- 
phagus is folded upon itself among 
the viscera. 

(1448.) dust at the commence- 
ment of the stomach there is a 
small crop (fig. 274, /); and the 
stomach itself is single, without 
anything in its texture requiring 
special notice, — its lining mem- 
brane being soft, and gathered 

into longitudinal folds (i). Alimentary canal of ilnccim™. 

. (1449.) Equally simple is the 

alimentary apparatus of the neteropoda. In these the stomach (fig. 
269,/) is a more dilatation of an intestiniform tube. The intestine is 
not lodged in the general cavity of the body, but, with the mass of the 


ducts ^ 
as long j 
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liver, is contained in a kind of bag attached to the back of these sin- 
gularly-formed animals, and in some genera, as for example CamaWo, 
is defended by a delicate transparent shell, which in appwance offers a 
miniature resemblance to the Argonaut. It is in this visceral sac that 
the heart and generative apparatus are like\fise geijierally 
in many forms of the Heteropot^ both the aij^nded sacculus and shell 
are wanting, in which case the viscera of oS^^lod^d in: the general 

cavity of the body. ^ 

(1450.) But although in BvMmmy hi^rotracha^ and kindred genera 
the stomach is thus. devoid o|..^mpl{batioiv it i^^by no means unfre- 
quently found to be provided with a powerful crni^ng apparatus, that 
forms a strong gizzard, adapted to bruise, cut, or tear the food intro- 
duced into it. In Scyllcea ^ ioT example, .this gizzard, situated at the 
entrance to the stomach, contains twelve homy cutting blades, disposed 
around its interior and arranged in a longitudmal direction ; their sharp 
edges therefore, meeting in the centre, efficiently divide whatever 
passes between them towards the proper digestive stomach. In Aplysia 
there is first a capacious crop, then a strong gizzard studded internally 
with pyramidal blunt teeth ; and to this succeeds a third cavity armed 
with sharp-pointed hooks attached to one side of its walls, and so 
disposed as to form a kind of carding-machinc, by which the Jbod is 
still more effectually tom to pieces. 

(1451.) Various modifications in the form and structure of these 
stomachal teeth are met with in the different genera of the Gastebopoda 
that possess such an apparatus ; but whatever their shape, size, number, 
or position, the office assigned to them is the same. 

(1452.) The liver is proportionately of very large size in the Mollusca 
we are now describing. Its composition is similar in all, being made up 
of bundles of secreting follicles united by the branches of their excre- 
tory ducts, and kept together by means of a delicate collulosity and the 
ramifications of blood-vessels. We have already described the hepatic 
viscera of the Snail ; and the liver of Buceinum, unravelled so as to 
show its intimate structure, is represented in the preceding figure 
(fig. 274, n, o,p), which requires no additional explanation. 

(1453.) But if the structure of the liver is similar in all the Gaste- 
ropod Mollusca, the manner in which the bile is poured into the intes- 
tine varies remarkably. The most ordinary position of the orifices of 
the hepatic ducts is at the termination of the stomach, in the vicinity 
of the pylorus, as is the case in the majority of other animals ; but 
many exceptions to this rule are met with in the class before us. 

(1454.) In Scyllcea the bile is poured into the oesophagus just before 
it terminates in the gizzard ; in many genera the biliary canals open 
into the stomach itself ; and in one remarkable genus, Onchidiumy there 
are three distinct livers, each provided with its proper excretory duct, 
and, what is still more anomalous, these three glands, which in every 

2 N 
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particular strictly resemble each other, unless perhaps in size, pour the 
secretion that they furnish into three different situations, — ^the first into 
the oesophagufi; the second into the oesophagus like'wise, and the third 
into the gizzard, forms the first of three stomachal cavities. 

(1455.) In Dom, a figure of which is given above, a still more extra- 
ordinary arrangement is met with. One set of ducts derived from the 
liver penetrate the stomach, and pour the bile into that cavity, while 
another large caiial, equally given off from the liver, terminates at the 
exterior of the body by an orifice situated in the vicinity of the anus 
(fig. 266); and thus a part of the bile secreted would seem to be 
expelled from the system as excrementitious matter — a fact of no 
ordinary importance to the physiologist, as it would itself go far to prove 
that the function of the liver is not merely limited to the supply of a 
secretion of importance in the digestion of food, but that it powerfully 
cooperates with the respiratory system in purifying the circulating 
fluids by decarbonizing the blood. 

(1456.) Other secretions, apparently of an excrementitious character, 
are furnished by many Gasteropoda. Thus, in Aplysia a glandular 
mass is imbedded in the opercular flap that protects the gills, from 
which, at the pleasure of the animal, a reddish liquor is made to exude 
in sufi^iont abundance to obscure the water around it, and thus conceal 
it from pursuit. Another gland furnishes an acrid limpid fluid, that 
distils from an orifice near the oviduct ; but the use of this last secretion 
is as yet unknown. 

(1457.) The scattered condition of the nervous ganglia, characteristic 
of the Hetebogangliata, is well exhibited in the Pectinibranchiate 
Gastcropods, more especially as it not unfrequently happens that the 
ganglionic centres themselves are of an orange or reddish colour, while 
the neiwes derived from them present their usual appearance. 

(1458.) In Buednum the brain still occupies its usual position above 
the oesophagus (fig. 275, d), and gives off neiwes to the organs of sensa- 
tion, and large twigs (cc) to the eminently sensitive proboscis. A large 
nervous mass placed beneath the oesophagus (i) is connected with the 
former by several communicating nerves that embrace the oesophageal 
tube. Other ganglia, of smaller size {Jc, I, n), are distributed in distant 
parts of the body, and supply the viscera to which they are contiguous, 
whilst they arc connected among themselves, and with the brain, by 
nervous cords passing from one to another. 

(1459.) In Pterotracliea the same dispersion of the central ganglia of 
the nervous system is equally evident. The brain and nervous collar 
around the oesophagus occupy their usual situation, and give nerves to 
the tentacles, eyes, and parts around the mouth ; while four smaller 
ganglia (fig. 269, i) arc placed in the immediate vicinity of the foot, to 
which and to the neighbouring viscera they distribute their branches. 

(1460.) But in the most elevated Gasteropods the ganglia assume 
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greater concentration, and the brain exhibits much larger dimensions as 
compared with the size of the body. Thus, in the Snail (fig. 265) we 
find only two great nervous masses — ^the brain ( 1 ) (a large ganglion 
placed above the oesophagus, and supplying the ne#^ connected with 
sensation), and an equally large suboe^ophagcal mass (m), whence 
proceed nerves to all the viscera and locomotive organs. Here, there- 
fore, wc have another example of the great law that we have already so 
often illustrated— the diminution in number and the increase in size of 
the nervous centres as we rise from lower to more exalted types of 
animal organization. 

Fig. 275. 



Anatomy of Buccimim. 

(1461.) The tentecula (fig. 275,//) in the marine Oastero^ are 
generally not retractile, and the eyes are frequently situated at the 
outer side of the base of each tentacle, instead of at their a^x m in e 
figure referred to; but, with these exceptions, we can add nothing to 
what has been said concerning the senses of those lloUusca in the de- 

2 K ^ 
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scription of the Snail already given as an example of the general struc- 
ture of the entire class. 

(1462.) The organ of hearing is now universally admitted to exist in 
all the Gasteropod Mollusca, and, according to Siehold*, is invariably 
situated in the immediate vicinity of the two most voluminous (cerebral 
masses. Like the other organs of sense, the organ is always double. 
It is formed t by two hyaline ovate or orbicular capsules, situated on 
the head or neck at the bases of the tcntacula, and is supplied with its 
specifically-endowed nerve from the cerebral ganglions. In the capsule 
there are enclosed one or several (and sometimes they are numerous) 
oval or round crystalline bodies, named otoliths ; and it is observable 
that the number varies not only in neighbouring genera, but even in 
nearly-allied species. Siebold says that a concentric depression is 
evident in these otoliths, and there may be seen, in the greater number 
of them, a shaded spot, or, rather, a minute aperture, which penetrates 
through the concretion from the one flattened surface to the other. 
Subjected to a strong pressure, the otoliths crack in radiating lines, 
separating often into four pyramidal pieces. This separation also ensues 
when the otoliths are immersed in diluted nitric acid ; and if we touch 
them with the concentrated acid, they suddenly dissolve, with the dis- 
engagment of a gas, wlience Siebold concludes them to be composed of 
carbonate of lime. The size of the otoliths is not equal ; and in the 
same capsule there are always some which are smaller than others. 
Within the capsule they have, during life, a very remarkable, and in 
some respects peculiar, lively oscillatory movement, being driven about 
as particles of any light insoluble powder might be in boiling water. 
The otoliths in the centre have the appearance of being pressed together, 
so as to form a sort of solid nucleus ; and towards this centre the otoliths 
seem ever to bo violently urged, their centripetal rush being invariably 
repulsed, and themselves driven back again in a centrifugal direction. 
Removed from the capsule, the motions of the otoliths instantly cease. 
The cause of these curious oscillations remains undiscovered. Siebold 
could detect no vibratile cilia on the surfaces of the capsule J ; and the 
cessation of the motion when the otoliths are removed proves them to 
be unciliated themselves, and at the same time distinguishes the motion 
from that of inorganic molecules, as described by Mr. Brown. 

(1463.) Dr. Nordmann, in an elaborate memoir on the anatomy of the 
Tergipes Edwardm, minutely describes the structure of the auditory 
capsules of that species, in which they are foimd situated immediately 

* Ann. des Sci. Nat. 184.3, xix. p. 198. 

t Introduction to Concliology ; or, Elements of the Natural History of Molluscous 
Animals, by George Johnston, M.D., LL.D., to which the student is referred, as 
being by far the best treatise upon the subject in the English language, for fuller 
details concerning the habits and organization of the Mollusca. 

I Kollikerhaa observed tliat iho motion of the otoliths in the Mollusca is de- 
pendent upon cilia, with which the internal surface of the audilory cyst is covered. 
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behind the eyes, upon the posterior poi-tion of the two anterior ganglia, 
and are at once recognizable by their sharp outline and very con- 
siderable size, which surpasses that of the eyes themselves. The proper 
auditoiy nerves arc wanting, the vesicles of hearing being lodged in 
little excavations in the ganglia themselves. These vesicles, which are 
of a round or oval shape, consist of a thin vitreous-looking membrane 
(but which is sufficiently tough to resist considerable pressure), and 
contain a fluid in which is suspended a minute rounded otolith, 

(14G4.) We now approach an inquiry of much interest as concerns 
the economy of the animals before us — namely the varied forms of 
their organs of reproduction, and the character of the generative system 
belonging to each order. This investigation, however, is one of no 
■ ordinary difficulty ; for so numerous are the modifications of structure 
observable in almost every genus, that, were we not strictly to confine 
ourselves to the study of the most prominent and important features 
of this portion of their history, the patieiice of the student would be 
severely put to the test in following us through all the details connected 
with so extensive a subject. 

(1465.) The three lowest orders of the Gasteropoda are still, in many 
particulars, more or loss allied to the Concdifera ; but more especially 
this is the case in the organization of their generative apparatus^ The 
Cydolmnichiata, Scutihranchiata, and Tubulihranchiata, like the inhabit- 
ants of bivalve shells, are all hermaphrodite and self-impregnating ♦. 
A large granular ovary is in all these orders imbedded in the mass of 
the Liver ; and from this a duct leads to an external orifice situated in 
the vicinity of the anus : if impregnation is in such animals essential to 
fecundity, the fertilizing secretion must bo furnished by the glandular 
walls of the oviduct, as no male organs have as yet been discovered. 

(1460.) The Fectinih'ancliiata, on the contrary, are all dioecious, — the 
sexes being distinct, and intercourse between the male and female 
necessary for the impregnation of the latter. 

(1467.) The male is generally at once distinguished by the penis, ap- 
pended to the right side of the neck (fig. 275, g), an organ which is fre- 
quently of enormous proportions — so large, indeed, that, it being impos- 
sible that it should be retracted into the body, it is generally simply 
folded back into the branchial chamber. The testicle is imbedded in 
the mass of the liver, and lodged in the inmost recesses of the shell. 
It gives origin to a long and very tortuous vas deferens, which is at first 
extremely slender, but on emerging from the mass of the viscera be- 
comes thicker, running along the right side of the body until it enters 
the penis, and, having made many zigzag folds, reaches the extremity 
of that organ, where it terminates by a small orifice. 

* The announcement of the discovery of sperrmfocoa in individuals belonging to 
these orders, mentioned in a former page, will,^rhap8, materiallj* modify the 
opinions of physiologists upon this point. 
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(1468.) Equally simple is the structure of the generative system 
in the females of the Pectinibranchiate Gasteropoda. A large ovary 
occupies the same position as the testis of the male, and shares with 
the liver the interior of the windings of the shell. The oviduct gene- 
rally follows the same course as the vas deferens of the other sex, and 
is provided with thick and glandular walls. The eggs, which are very 
numerous, are arranged in long gelatinous ribands, and, after extrusion, 
arc glued in various ways to the surface of rocks, sea-weed, or oven to 
the shells of other Mollusca. Sometimes, in the siphoniferous tribes, as 
for example in the common Whelk (Biwcinum), the ova are enclosed in 
tough coriaceous capsules secreted by a glandular organ in the vicinity 
of the oviduct. These capsules contain several eggs apiece, and are 
joined together in large bunches, such as the waves continually cast up 
upon every beach, 

(1469.) Tlie l/eteropod Gasteropoda are hermaphrodite. In Ptero- 
trachea the female organs consist of a distinct ovary, uterus, spcrmatheca, 
and an auxiliary gland, all lodged in the visceral sacculus appended to 
the back. The ovary (fig. 269, jp) is of considerable size, and gives origin 
to n slender oviduct, which, near its termination, communicates with the 
receptacle for the ova, called the utenis {g). The spermatheca joins the 
canal ^sading from the uterine cavity to the exterior of the body, which 
likewise receives the secretion of two small glandular sacs (7r) apparently 
destined to furnish some investment to the eggs prior to their expulsion. 

(1470.) The male parts are situated in the general cavity of the body, 
quite apart from the female apparatus. The testicles seem to be repre- 
sented by two wavy caeca (fig. 269, <), which terminate at the root of a 
small intromittent organ (s) placed at a short distance behind the open- 
ing of the vulva, 

(1471.) All the Tectibranchiata, Inferohranchiata, NvdihrancMaia, 
and the Pulmonated Gasteropods are hermaphrodite, having both a male 
and female generative apparatus arranged upon the same principles 
as those of the Snail, which have already been described at length ; 
and to enumerate the variations which occur in the relative position 
and organization of different parts of the reproductive system in all the 
genera composing these extensive orders would scarcely answer any 
useful purpose, even were it practicable within the limits of this work. 

(1472.) In the male PateTla, the testicle is situated upon the right 
side of the body, between the visceral mass and the external envelope. 
It is of a pale-yellow colour, with a slight pinkish tint, and seems to be 
entirely made up of minute tubes, many times folded upon themselves, 
and imbedded in a granular-looking substance. On cutting into the 
substance of the testicle, there flows out a milky fluid, which the micro- 
scope reveals to contain innumerable spermatozoa, whose movements are 
veiy active as long as the ^minal secretion is fresh. 

(1473.) The ovary of the female occupies nearly the same situation 
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as the male testis ; but all attempts to trace the excretory duct of either 
have as yet proved futile. 

(1474.) When the ova of the Nudibranchiatc MoUusca are placed 
under the microscope soon after the extrusion of the spawn, each is 
seen to consist of a thin transparent case-memhrane* , with a round 
smooth and opakc body in its centre (the ovum proper), whicli is 
chiefly composed of minute cells enclosed in a vitelline membrane. 
These ova vary in size from -j^-syth to ^^th of an inch in diameter. A 
few hours after the extrusion of the spawn the yelk divides by progressive 
segmentation until the end of the fifth day, when the division of the 
cells appears to have reached its utmost limit and the vitelline mass has 
changed its shape, having become broader at one end, narrower at the 
other (fig. 276, 2). At the end of the sixth day no additional change takes 


Fig. 276. 



Dov(^Iopni«'nt of thu ciubrjo of a Nudibranchiate Mollusk. 1. Crelatinous coil, in which the 
ova are imbedded. 2. A portion of the same, magnified. 4, o. Embiyos in different stages of 
growth, fi. Mature embryo when newly hatched, enclosed in a minute nautiloid shell. 

place in the external form of the ovum, but the cells into which it has 
divided continue to coalesce, and minute cilia become apiiarent on the 
upper surface of the broad extremity. On the eighth day it assumes 
the form represented at fig. 276, 3, its circumference becomes more or 
less translucent, and the extemal layer of cells seems to separate from 
the rest to form the commencement of the shell (fig. 276, 4), the cilia on 
the broad extremity become larger and more active in their movements, 
and traces are observed of the division of this end into ciliated disks : it 
is now entitled to the name of embryo, 

* This cnM-TMmhrane is not the homologuo of the ordinal^ egg-shell, seeing that 
it sometimes encloses two, tlwee, four, or even five ova. 
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(1475.) From the ninth to the eleventh day the ciliated disks l)ecomo 
more developed, more separated from each other, and more moveable ; 
the largest of the four lobes of the body has arranged itself into stomach 
and intestine, in which occasional contractile movements may he seen. 

(1476.) The case-membrane previous to the escape of the embryo 
becomes gradually thinner, and at last either entirely disappears or is 
reduced to shreds, probably by the incessant strokes upon its inner sur- 
face of the long cilia of the ciliated disks during the active revolutions 
of the embryo round its interior. The embryo at the time of its libera- 
tion is provided with a shell somewhat resembling that of the Nautilus, 
from which it cain protrude the anterior part of its body and retract it 
at pleasure (fig. 276, 6), swimming about actively in the surrounding 
water by means of its ciliated disks. 

(1477.) The spawn of other (iasteropods is deposited under diverse 
forms. In the marine species it is usually found attached to the surface 
of stones, shells, or sea- weed, the ova being connected with each other 
in long ribands or delicate festoons, which are sometimes extremely 
beautiful and curious. The Doiis and Tritonia deposit their ova in long 
gelatinous bands, resembling beautiful frills of rich lace. In Ajplysia 
the spawn resembles long strings of jelly, in which the ova are soon, 
varying in tint, so as to give different colours to different parts of the 
thread. In Helix arid Bulimm the eggs are protected by a hard shell ; 
whilst in Bxweinum, Voluta, Murex, and other marine species the ova 
are enveloped in membranous capsules, agglomerated together in large 
bunches. These capsules have been sometimes erroneously regarded as 
the eggs themselves ; they are, however, merely coriaceous envelopes, 
answering the purpose of the gelatinous coating that encloses the eggs 
of other species. Many of the Gasteropoda are exceedingly prolific : a 
single Doris will lay 50,000 eggs at a birth ; and when we take into 
account that all the individuals are prolific (the sexes being combined), 
and that each will produce spawn two or three times in a season, it is 
evident how vast must be the number of their progeny. 


# CHAPTER XXIII. 

PTEROPODA* (Cuvier). 

(1478.) Neahly allied to the Gasteropods in their internal organiza- 
tion, but differing from them remarkably in the character and position 
of their locomotive apparatus, are the Ptekopoda — a class of moUusks 
of small dimensions, but met with in astonishing quantities, at certain 
seasons, in various parts of the ocean. So numberless, indeed, are 
* irrepov, a wing; vovsj nodbs, the foot. 
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these little beings in those regions where they are common, that the 
surface of the sea seems literally alive with their gambollings ; and thus 
the store of provisions necessary to render the waters of the ocean 
habitable to animals of higher grade in the scale of life is still further 
increased. The great character that distinguishes the members of the 
class upon the investigation of which wo are now entering is derived 
from the structure of their organs of locomotion. These are only 
adapted for swimming, and consist of two broad and fleshy expansions, 
attached like a pair of wings to the sides of the neck, and forming 
moveable fins — enabling the little beings to dance merrily among the 
foamy waves, now sinking, and again rising to the surface, until some 
passing Avhale, opening its enormous jaws, engulfs multitudes of such 
tiny victims, and hence derives the materials for its subsistence. 

(1470.) Several distinct genera of Pteropoda have been established 
by zoologists, and some important modifications have been detected in 
their organization, although in all of them the lateral aim form the in- 
struments of progression. 

(1480.) Tho Clio horealiSf anatomized by Cuvier*, and more recently 
and completely investigated by Professor Eschricht of Copenhagen f, is 
one of the species best known, as well as most abundantly met with ; it 
is therefore by a description of this Pteropod that wo shall propped to 
introduce the reader to the general facts connected with the history of 
the animals under consideration. 


Fig. 277. 



Clio borealis \ represented at A in a state of repose, while B, C exhibit the various ext<‘rnal 
appendages fully protruded: a a, wing-like oars; hood retracted; bladder-like organ; 
h, penis; it, tentacle; o, globular protuberances; as, conical appendages. 

(1481.) The body of the Clio is about an inch in length, of an oblong 
shape, and terminating posteriorly in a point; while at the opposite 
extremity there is a little head supported upon a short neck, and 
* M6moire sur le Clio horealu. 

t Anatx)mi8clie Untersucliungen iiber die Clione borealis, von D. F. Escliricht. 
Eopenhagen, 1838, 4to. 
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furnished with delicate retractile tentacles, apparently instninKmts of 
touch. The locomotive organs, as the name of the class imports, con- 
sist of two delicate wing-liko ap])endages (fig. 277, a a) attached to the 
two sides of the neck, by means of which, as by a pair of broad fins, 
the Ptcropod rows itself about with facility. But the two aliform 
membranes, although externally they appear se 2 )arate instruments, are, 
as we arc assured by the observations of Professor Eschricht, but one 
organ, being made up entirely of muscular fasciculi, which pass riglit 
through the neck and spread out on each side in the substance of the 
wing, forming an apparatus exactly comparable to the double-barrelled 
oar with which the Greenlander so dexterously steers his kajac, or 
canoe, through the very seas inhabited by the little Clio we are de- 
scribing. 

(1482.) The head of one of these animals is surmounted by various 
organs appropriated to different offices, and some of them not a little 
remarkable from the amazing complication of structure which they 
exhibit. On each side of the oral opening are three conical appendages 
(fig. 277, c, s), that to a supei-ficial examiner might appear to bo mere 
fleshy tcntacula ; but in reality they are instruments of prehension, of 
unparalleled beauty and astonishing construction. Each of these six 
aijpei^ages, when examined attentively, is seen to be of a reddish tint ; 
and this colour, under the microscope, is found to be dependent upon 
the presence of numerous minute isolated red points distributed over 
its surface. When still further magnified, these detached points are 
evidently distinct organs, placed with great regularity, so as to give a 
speckled appearance to the whole of the conical appendage ; and their 
number, at a rough guess, may be estimated at about three thousand. 
Every one of these minute specks is, in fact, when more closely ex- 
amined, a transparent cylinder, resembling the cell of a polyp, and 
containing within its cavity about twenty pedunculated disks, which 
may bo protruded from the orifice of their sheath (fig. 278, c), and 
form so many prehensile suckers adapted to seize and hold minute prey. 
Thus, therefore, there will be 3000 x 20 x 0=360,000 of these inicro- 
sco 2 )ic suckers upon the head of one Clio — an apparatus for prehension 
perhaps unparalleled in the creation. 

(1483.) When not in use, the appendages referred to are withdrawn, 
and concealed by two hood-like fleshy expansions, which, meeting each 
other in the mesial line, completely cover and protect the whole of this 
delicate mechanism, as represented in (fig. 277, a). 

(1484.) Still, however, even Avhen the hoods are drawn over the 
parts they are intended to defend, the Clio is not left without tactile 
organs wherewith to examine external objects ; for each valve of the 
hood is perforated near its centre : and through the apertures so formed, 
two slender filiform tentacula (fig. 277, c, k), somewhat resembling the 
feelers of a Snail, are protruded at the will of the animal ; and by 
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means of these it is informed of the presence of food, and instructed 
when to uncover the elaborately-organized suctorial apparatus destined 
to seize it and convey it into the mouth. 

(14 So.) The mouth itself is described by Cuvier as being a simple 
triangular opening, resembling the wound inflicted by a trocar ; and in 
the solitary specimen at his disposal he did not succeed in detecting any 
dental stnictures. Eschricht, however, with superior opportunities, 
was more successful in displaying the oral organs, and found the Clio 
to possess jaws of very singular conformation, and a tongue covered, as 
in many other Molliisca, with sharp horny spines. 

(1486.) One of the jaws removed from the body, and magnified 
twenty-eight diameters, is represented in the subjoined figure (fig. 
278, a). It consists of a scries of sharp horny teeth of unequal length. 

Fig. 278. 



A, one of the jaws of Clio horeali». B, the tongue, with its recurved spines. 

C, cylinder enclosing the prehensile suckers. 

fixed to the sides of a lateral pedicle in such a manner that their points 
are all nearly at the same level. The teeth themselves have a golden 
metallic lustre, and, when examined in the sunshine under water by 
means of a lens, are especially beautiful objects. The basis to which 
they arc fixed is apparently of a fleshy character, and if smashed by 
being squeezed between two plates of glass, and then placed under the 
microscope, appears to bo made up of a multitude of regularly-disposed 
fibres that cross each other in two principal directions. 

(1487.) The jaws thus constructed are placed on each side of the 
mouth, contained in two hollow curved cylinders, the walls of which 
are muscular ; and if one of these muscular capsules be snipped by 
means of a pair of very fine scissors, the strangely-formed jaw, with its 
teeth, is foimd lodged within it. 
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(1488.) The manner in which the Clio uses these dental organs is 
obvious from their anatomical position. The curved muscular cylinders 
by the contraction of their walls force out the teeth, so that they then 
project from the mouth, and are ready to seize and drag into the oral 
orifice whatever food presents itself. 

(1489.) Once conveyed by the jaws into the interior of the mouth, 
the prey seized is taken hold of by the tongue ; the free extremity and 
upper surface of which is seen, when highly magnified, to be covered 
with regular rows of spiny booklets, all directed backwards, and evi- 
dently intended to assist in deglutition (fig. 278, b). 

(1490.) The structure of the alimentary canal is extremely simple. 
The oesophagus (fig. 279, t) gradually dilates into a wide stomachal 
cavity that is surrounded on all sides by the mass of the liver ; while 
the intestine (v), in which the stomach terminates, mounting towards 
the left side of the neck, ends by an external anal orifice. Two long 
and slender salivary glands {w) are placed at the sides of the oesophagus, 
and furnish a secretion that is poured into tho mouth. The precise 
character of the bile-ducts has not been satisfactorily determined in 
Clio ; but in Pneumodermon, another Ptcropod very nearly allied to the 
genus we are describing, the stomach itself, which is enveloped on all 
sides b^ tho liver, receives tho biliary secretion through a multitude of 
minute pores. 

(1491.) With respect to the real nature of the respiratory apparatus 
in Clio, much doubt exists. Cuvier regarded the aliform fins as being 
subservient to respiration, as well as forming locomotive organs, and 
observes that tho surfaces of these appendages, seen with the micro- 
scope, present a network of vessels so regular, so close, and so delicate, 
that it is not possible to doubt that they are intended to perform the 
functions of a respiratory apparatus, adding, moreover, that their con- 
nexion with the internal vessels and the heart confirms this view of the 
nature of these membranes. 

(1492.) Eschricht, on tho contrary, denies altogether the existence of 
any such vascular ramifications as Cuvier describes, asserting that the 
appearance alluded to is entirely produced by the spreading out of tho 
muscular fibres above-mentioned, and that the only vessels visible in the 
alar processes are a few arterial branches derived from the aorta. 

(1493.) We arc still, therefore, in ignorance to tho respiratory 
organs of Clio : the heart, however, is very apparent ; it is composed of 
a single auricle and ventricle, enclosed in a pericardium (fig. 279, m), 
and gives off" at one extremity a large vessel (m), which Cuvier regarded 
as a pulmonary vein, but which Eschricht has proved to bo the aorta, 
inasmuch as ho has traced its branches to the liver and the other 
internal viscera of the body. 

(1494.) Tho nervous system of this mollusk is easily distinguished, 
not only on account of tho largo proportionate size of the ganglia, but 
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from the circumstance of the nerves being of a pale-red colour, llic 
ganglia form a ring placed around the oesophagus near the middle of the 
neck. There are eight large and two smaller ganglionic masses closely 
aggregated in this situation ; and from these sources all the nerves of the 
body are given off. 

(1495.) From the large dimensions of the nervous centres, wo may bo 
prepared to expect senses of correspondent perfection of structure. Wo 
have already mentioned the sensitive tentacula protruded from the 
hood-like covers that protect the oral apparatus ; but, in addition to 
these, organs of vision are provided, apparently of a very complete cha- 
racter. These e^^es are two in number, and are placed on the back of 
the neck. Each eye has the form of a somewhat bent cylinder, having 
its two extremities rounded off. The anterior end of the cylinder is 
the transparent cornea ; and when the eye is removed from the body of 
the animal and examined under the microscope by transmitted light, 
sundry parts may bo detected in its interior — sufficient, indeed, to 
indicate the existence of a choroid membrane, a vitreous humour, and a 
distinct lens, occupying the ordinary positions of these parts of the 
visual apparatus. 

(1496.) The generative system of Clio resembles in all essential 
particulars that of the 

most highly organized Fig. 270. ® 

Gasteropoda, and, as in 
them, is composed of a 
complete set of male 
organs as well as of ovi- 
gcrous viscera. Accord- 
ing to the views which 
Cuvier was led to enter- 
tain from the dissection 
of a single specimen, he 
supposed that the ovary 
(fig. 279, n) gave off a 
slender oviduct (o) ter- 
minating in a thick glan- 
dular canal, the testicle 
{k)y which, beginning 
by a caecal prolongation, 
and gradually diminish- 

ing in diameter until it Viacera of Clio boreedia : m m, the heart, giving off a 
became attenuated into vessel; oesophagus; », intestine; O', salivary 

, j, j j, glands; n, ovary; o, oviduct; k, testicle; p, its excretory 

a Slender vas dcj evens canal ; g, blodder-like organ. 

{p\ ultimately emptied 

itself into a small round sac {q) situated in one side of the neck, where 
it communicated with the exterior. Close to the sac ( 17 ) the illustrious 
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French anatomist pointed out another vesicle (r), which he compared to 
the bludder (spermatheca) of Gastcropod Molluslvs. The more complete 
researches of Professor Eschricht have, however, rendered considerable 
modifications of the above description requisite, inasmuch as that gentle- 
man has succeeded not only in detecting a testis quite distinct from the 
ovigerous canal, but also a very complete intromittent apparatus. The 
testis, in fact, in a fresh specimen is so large as to occupy a great por- 
tion of the visceral cavity ; and, no doubt, in the individual examined 
by Cuvier, which had been kept in spirits of wine, it formed a large 
portion of the mass (fig. 279, i) which he thought to bo entirely made 
up of the liver. The duct from this testis communicates with the re- 
ceptacle (q ) ; so that the glandular canal (k) must be regarded as a part 
of the oviduct analogous to what has been called the uterus in the 
Snail. 

(1497.) Another important discovery for which science is indebted 
to the Danish Professor is that the Clio possesses a long and sin- 
gularly-formed penis (fig. 277, c, A), lodged, when retracted, in the 
interior of the head of the Pteropod, but which, together with the 
bladder (^), in which it was contained, can be extruded from the right 
side of the neck to such an extent that it nearly equals in length the 
whole body of the little creature. 

(14yo,) The mass formed by the viscera occupies but a small space 
in the general cavity of the body. The external investment of the 
visceral sac is a thin semitransparent skin (fig. 279, /) of soft texture ; 
and within this is a second covering (^), thicker than the first, and 
exhibiting very distinct muscular fibres, principally distributed in a 
longitudinal direction, so that their action would seem to shorten the 
animal and make its shape more spherical. 

(1499.) What fills up the space that intervenes between the mus- 
cular tunic and the viscera is as yet undetermined ; but Cuvier, in the 
memoir above referred to, suggests that it may possibly contain air, 
which, as it should be compressed or allowed to expand, would form a 
kind of swimming-bladder, and allow the animal to mount to the surface, 
or sink into the recesses of the sea, with little effort or exertion of 
muscular power. 

(1500.) The other genera included in this class agree in their general 
form, and in the arrangement of their digestive and reproductive organs, 
with Clio above described, but present a few important modifications in 
the disposition of their branchiec, and other minor circumstances. 

(1501.) In Ilyalasa the mantle contains a shell composed of two un- 
equal plates, one of which is dorsal, and the other ventral; and the 
branchioB, which arc here distinctly recognizable, form a circle of vascular 
leaflets enclosed in a cavity of the mantle situated between the divisions 
of the shell, and so disposed that the water has free admission to them 
through the two lateral fissures of its testaceous defence. 
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(1502.) In PneurnodermoUf again, the branchioc occupy a totally dif- 
ferent situation, the branchial leaflets being arranged in semicircular 
lines upon the ])ostcrior extremity of the animal ; but such modifications 
of a general type of structure are of more interest to the zoologist than 
to the physiological reader, and our space warns us that we have yet 
to encounter forms of life widely different from any that have hitherto 
fallen under our notice. 


CHAPTER XXIV. 

CEPHALOPODA# (Cuvier). 

(1503.) We now arrive at the highest order of Moliusca, composed of 
animals distinguished by most strange and paradoxical characters, and 
exhibiting forms so uncouth, that the young zoologist who for the first 
time encounters one of these creatures may well be startled at the 
anomalous appearance presented by beings so remote in their external 
construction from everything with which he has been familiar. 

(1504.) Let him conceive an animal whose body is a closed ba{| con- 
taining the viscera connected with digestion, circulation, and reproduc- 
tion, furnished with a head and staring eyes — that upon the head are 
supported numerous and complex organs of locomotion, used as feet or 
instruments of prehension — moreover, that in the centre of the loco- 
motive apparatus, thus singularly situated, is a strong and sharp homy 
beak resembling that of a parrot — and he will rudely picture to himself 
a Cephalopod, such as we arc now about to describe. 

(1505.) The Octopus vulgaris, or common Poulpe, represented in the 
next figure, will serve as an example calculated to prove, wo apprehend, 
that the above is no exaggerated statement ; and should the student 
unexpectedly observ'e an animal of this kind walking towards him upon 
the beach in the position there delineated, his curiosity would doubtless 
be excited to learn something of its habits and economy. 

(1506.) Yet not only can the Poulpe walk in the manner exhibited 
in the subjoined figure (fig. 280), but it is well able to swim, if occasion 
require, — the broad fleshy expansion that connects the bases of its eight 
legs being fully adequate to enable it to adopt such a mode of progres- 
sion; for, by vigorous flappings of this extensive oi’gan, the animal 
actively impels itself through the water in a backward direction and 
shoots along with wonderful facility. 

(1507.) The feet or tcntacula appended to the head are not, however, 
exclusively destined to effect locomotion : they are used, if required, as 


* K€^a\t), the head ; rrovsy the foot. 
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agents in seizing prey, and are of so terrible a character, that, armed with 
these formidable organs, the Poulpe becomes one of the most destructive 
inhabitants of the sea ; for neither superior strength nor activity, nor 
even defensive armour is sufficient to save its victims from the ruthless 
ferocity of such a foe. A hundred and twenty pairs of suckers, more 
perfect and efficacious than the cupping-glasses of human contrivance, 
crowd the lower surface of every one of the eight flexible arms. If the 



The Poulpe (^Oefopun vulgarW). 

Poulpe but touch its prey, it is enough : once a few of these tenacious 
suckers get firm hold, the swiftness of the fish is unavailing, as it is soon 
trammelled on all sides by the firmly-holding tentacula and dragged to 
the mouth of its destroyer. The shell of the Lobster or of the Crab is a 
vain protection, for the hard and crooked beak of the Cephalopod easily 
breaks to pieces the frail armour ; and even man himself, while bathing, 
has been entwined by the strong arms of gigantic species, and struggled 
in vain against a grasp so pertinacious. 

(1508.) In the genus Octopus the arms are only eight in number, and 
nearly of equal length ; but to the Calamaries {Loligo) and other genera 
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an additional pair is given, which, being prolonged considerably beyond 
tlie rest, arc not merely useful for seizing prey at a distance, but become 
convertible to other purposes, and may be employed as cables whereby 
the Ccphalopods so furnished ride securely at anchor in a tempestuous 
sea, — the suckc'rs being placed upon an expanded disk, situated (fig. 282) 
at the extremity of the elongated tentacula, and thus rendered capable 
of taking firm hold of the surface of a rock or other fit support. The 
posterior extremity of the body is, in such forms, generally provided 
with two broad muscular and fin-like expansions (fig. 282), evidently 
adapted to assist in sculling the animal along. 

(1509.) Wonderful as arc the provisions above described for ensuring 
food and safety to these formidable inhabitants of the sea, it is only by 
an attentive examination of the individual suckers, so numerously dis- 
tributed over the tentacula, that the reader will fully appreciate the 
mechanism we arc so inadequately describing. Machines of human con- 
struction admit of being variously esti- 
mated, as they are found to be more or 
less adapted to accomplish the object 
of the contriver ; but in estimating the 
works of the Deity all degrees of com- 
parison are merged in the superlative ; 
everything is best, completest, perfect. 

(1510.) Examine any one of these 
thousand suckers : — it is an admirably 
arranged pneumatic apparatus — an 
air-pump. The adhesive disk (fig. 

281, a) is composed of a muscular 
membrane, its circumference being 
thick and fleshy, and in many species 
supported by a cartilaginous circlet, so 
that it can be applied most accurately 
to any foreign body. In the centre 
of the fleshy membrane is an apertui-c 
leading into a deep cavity (b, h), at the 
bottom of which is placed a prominent 
piston (c), that may bo retracted by 
muscular fibres provided for the pur- 
pose. No sooner therefore is the cir- 
cumference of the disk placed in close 
and air-tight contact with the surface 
of an object, than the muscular piston 
is strongly drawn inwards, and, a vacuum being thus produced, the ad- 
hesion of the sucker is rendered as firm as mechanism could make it. 

(1511.) Yet even this elaborate and wonderful system of prehensile 
organs would seem, in some cases, to be insufficient for the purposes of 

2o 


Fig. 281. 



Structure of the tentacular suckers 
in the Cephalopoda. 
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nature. In the powerful and rapacious Onychoteutlm (fig. 282), the 
cupping-glasses which arm the extremities of their long pair of muscular 
arms are rendered still more formidable ; for from the centre of each 
sucking-cup projects a strong and sharp hook, which is plunged by the 
action of the sucker deeply into the flesh of struggling or slippery prey, 
and thus a firm and most efficient hold upon the seized victim is secured. 

Fig. 282. 



Nor is this all that claims our admiration in the organizaUon of the 
arms of OnycUUuthh : at the base of each fleshy expansion that supports 
the tenacious and fanged suckers above described is a small group of 
single adhesive disks, by the assistance of which the two arms can be 
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locked together (tig. 282, a), and thus be made to cooperate in dragging 
to the mouth such powerful or refractory prey as, singly, the arms 
might be unable to subdue — an arrangement which has been rudely 
imitated in the construction of the obstetric forceps*. 

(1 51 2.) The Argonaut constitutes the type of another family of the 
Cei'haloi'oda, and is remarkable as being the inhabitant of a shell of 


Fig.2a3. 



Argonaut (^Argonauta Argo'). (After Poli.) 

exquisite beauty, familiarly known as that of the Paper- Nc^Milus a 
shell wliich, from remote antiquity, has been decorated with all the 
ornaments of fiction, and celebrated alike by Poetry and her sister Arts. 

(1513.) It was, indeed, to this Cephalopod that the ancients assigned 
the honour of having first suggested to mankind the possibility of 
traversing the sea in ships ; and nothing could be more elegant than 

* Cycloptedia of Anatomy and Physiology, art. Cephalopoda, 

2 0 2 
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the little barque in which the Argonaut was supposed to skim over the 
waves, hoisting a pair of sails to the breeze, and steering its course by 
the assistance of oars provided for the purpose. 

(1514.) The figure annexed (fig. 283), given by Poli in his magnifi- 
cent work already referred to*, was in perfect accordance with the 
generally-received opinion ; and on such respectable authority we are 
not surprised to find Cuvier assenting to and sanctioning the statement 
that, when the sea is calm, fleets of these little sailors might bo seen 
navigating its surface, employing six of their tentacula or arms instead 
of oars, and at the same time spreading out two, which are broadly 
expanded for the purpose, instead of sails. Should the waves become 
agitated, or danger threaten, the Argonaut, as we are told, draws in his 
arms, lowers his sail, and, settling to the bottom of his shell, disappears 
beneath the waters. 

(1515.) It is a thankless office to dispel the pleasant dreams of imagi- 
nation j yet such becomes our disagreeable duty upon this occasion. 
M. Sander Rang, in a recently-published memoir upon this subject f, 
has, from actual observation, apparently established the following facts : 
— 1st, that the belief, more or less generally entertained since the time 
of Aristotle, respecting the skilful manoeuvres of the Poulpe of the 
Argonaut in progressing by the help of sails and oars on the surface of 
the wifcer, is erroneous. 2nd. The arms which are expanded into mem- 
branes have no other function than that of enveloping the shell in 
which the animal lives, and that for a determinate object to be ex- 
plained hereafter. 3rd. The Poulpe, with its shell, progresses in the 
open sea in the same manner as other Cephalopoda. And lastly, that 
when at the bottom of the ocean, the Argonaut, covered with its shell, 
creeps upon an infundibuljifonn disk, formed by the junction of the 
arms at their base, and presenting (alas !) the appearance of a Gastero- 
pod mollusk. 

(1516.) It is not a little remarkable that the same animal should, 
even in these days, be the subject of the extremes of credulity and 
scepticism ; yet such has been the case with the Argonaut. While 
zoologists were contented to allow the creature in question the reputa- 
tion of being an active and skilful navigator, it has been very generally 
stigmatized as a pirate, which, having forcibly possessed itself of the 
shell of another animal, lived therein, and made use of it for its own 
purposes. It was in vain to urge, in opposition to this calumny, that 
the Argonaut was never found in any other shell than the beautiful one 
represented in the preceding figure ; that no other creature had been 
pointed out ^ the real fabricator of its abode ; that, whatever the size 
of the Poulpe, it occupied a residence precisely corresponding in dimen- 

* Testacea utriusque Siciliae. 

t Guerin’s ‘ Magaain de Zoologie.’ Translated in the Magazine of Natural History, 
vol. iii. new series, p. 621. 
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sions with those of the possessor. The apparent want of resemblance 
between the outward form of the animal (fig. 285) and that of its 
fragile covering, together with the absence of any muscular connexion 
between the two, wore looked upon as furnishing sufficient evidence of 
its parasitical liabits. The careful observations of Madame Jeannette 
Power, to bo noticed more at length hereafter, and those of M. Sander 
Hang, above alluded to, have, however, completely settled the so long 
agitated question; and, the Argonaut having been watched carefully 
from the state in which it leaves the egg until it arrives at maturity, 
the manner in which it forms and repairs its frail shell is now satisfac- 
torily understood. 

(1517.) A still more interesting group of Cephalopods, and one which 
in former periods of the world has been extensively disseminated, in- 
habited chambered shells. But of all the varied forms of these crea- 
tures, whose remains are so abundantly met with in a fossil state, and 
known by the names of Ammonites, Belemnites, Nummulites, &c., two 

Fig. 284. 



Aiiinml of the NnuHlu* Pompilhis. (After Owen.) 

species only have been found to bo at present in existence the Spit ula, 
an animal as yet imperfectly known, and the Nautilus Pompilius, of 
which the only specimen obtained in modern times* has been the 

♦ For this invaluable addition to zoological knowledge, science is indebted to 
deorgo Bennett, Esq., who obtained the living animal near the island of Erromanga, 
New Hebrides. “ It was found in Marekini Bay, floating on the surface of the water 
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subject of a monograph by Professor Owen, who has most completely 
investigated its general organization and relations with other families 
of the Cephalopoda. The shell of the Pearly Nautilus (iV^. Fompilim) 
is extremely common, and may be met ndth in every conchological 
collection, notwithstanding the extreme rarity of the mollusk that 
inhabits it — a circumstiince, perhaps, to bo explained by the fact that 
the living animal dwells in deep water, and when it comes to the surface 
is so vigilant against surprise, that at the slightest alarm it sinks to the 
bottom. On making a section of the sheU its cavity is found to be 
partitioned off by numerous shelly se^ta into various chambers (fig. 
284, s s), in the last of which the body of the animal is situated. A 
long tube or siphuncle (h Zi), partly calcareous and partly membranous, 
passes through aU the compartments quite to the end of the series. 
The membranous siphuncle is continued into the animal, and terminates 
in a cavity contained within its body, hereafter to be described, which 
is in free communication with the exterior. 

(1518.) Various conjectures have been indulged in concerning the 
end answered by the camerated condition of the shell in these MoUusca. 
Dr. Hooke* suggested the idea that the chambers might be filled with 
air generated by the Nautilus, and thus made so buoyant that the 
specific gravity of the animal and its shell should correspond mth that 
of the^urrounding medium, and that, acting in the same manner as the 
swimming-bladder of a fish, the creature would float or sink, as the air 
in its shell was alternately compressed or rarefied. Should this suppo- 
sition be correct, it would seem probable, as Dr. Buckland has pointed 
out, that the simple retraction of the head, by injecting water from the 
chamber within its body {pericardium) into the membranous siphuncle, 
would cause the needful .condensation of the air contained in this 
singular float, and allow the Nautilus to sink to the bottom ; while the 
protrusion of its arms, by taking off’ the pressure, and thus allowing of 
the expansion of the confined air, would give every needful degree of 
buoyancy, oven sufficient to permit the mollusk to rise like a balloon to 
the toj) of the sea. 

(1519.) The body of this Cephalopod is covered with a thin mantle 
(a a), of which a large fold (6) is reftected on the exterior of the shell. 
It is securely fixed to its residence by two lateral muscles, the insertion 
of one of which is seen at g, A large coriaceous hood (a) covers the 
head, and, when the creature retreats into its habitation, closes tlie 
entrance like a door, while through the infundibulum (i) the ova and 
excrementitious matters are expelled from the body. The most re- 

not far distant from the ship, and resembling, as the sailors expressed it, a dead 
tortoiseshell cat in the water. It was captured, but not before the upper part of 
the shell had been broken by the boat-hook in the eagerness to take it, as the animal 
was sinking when caught.” — (Dr. Bennett’s Journal.) 

* Philosopliical Experiments and Observations. 8vo, 172G. 
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markable feature, however, exhibited in the external conformation of 
Nautilus is the conversion of the sucker-bearing arms of other Cepha- 
lopods into an elaborate ai)paratus of tentacular organs appended to 
the head (o o) ; but these, as well as the eye (??i), will be more minutely 
described as wo proceed. 

(1520.) Turning our attention to the anatomical stnicture of the 
CErHALOPODA, WG find that in all of them the exterior of the body is 
cntii’ely formed by an intricate interlacement of muscular fibres. The 
sac that contains the viscera, itself muscular, is united to the head by 
strong and largely-developed fasciculi ; the funnel (fig. 285, a), through 
which, as through a fleshy pipe, the products of excretion, as weU as 
the eggs or seminal fluid, are ejected, is formed of a tissue similarly 
endowed with contractility ; while the arms are composed externally of 
muscles disposed in various directions, and moreover have their central 
portion occupied by strong bands, which traverse them longitudinally 
from end to end, so that they are thus gifted with all needful powers 
of motion, and maybe shortened, elongated, or bent in any direction at 
pleasure. 

(1521.) In those natatory species which, like LoUyopsiSf or Onycho- 
tewthis (fig. 282), have fins appended to the sides of the visceral sac, 
those organs^ likewise arc made up of muscular substance ; and, being 
thus converted into broad moveable paddles, they also form ffficient 
locomotive agents. 

(1522.) One important circumstance observable in the class before 
us must not be forgotten in connexion with this portion of the history 
of the Cophalopods. \Vc may remind the student that, in the verte- 
brate division of animated nature, to which these creatures immediately 
lead us, the locomotive system is sui)ported by an internal vascular and 
living skeleton, composed either of cartilage, as is the case in the most 
imperfect vertebrated genera, or, in the more liighly organized forms, of 
bones articulated with each other, and possessing within themselves 
the means of growth and renovation derived from the blood which 
permeates them in every part. The reader will remember that, in all 
the classes that have offered themselves to our notice, wo have not 
hitherto observed anything at aU comparable to an internal osseous 
framework such as Man possesses, — dead, cxtravascular shells, formed 
by successive depositions of layers of calcareous material, or jointed 
cuticular armour equally incapable of growth, having as yet repre- 
sented the skeleton, and formed the only levers upon which the muscular 
system could act in producing the movements connected with loco- 
motion. 

(1523.) Having, however, akeady had abundant opportunities of 
seeing how gradually nature proceeds in effecting the development of 
a new scries of organs, we might naturally be led to expect in the 
creatures before us some faint indications, at least, of oui* approach to 
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animals possessed of an internal bony framework ; and our expectations 
in this particular will bo found on investigation to be well-grounded. 
It is, in faet, in the CEPHALoroDA, the highest of the molluscous classes, 
that the rudiments of an osseous system for the first time make their 
appearance ; not, indeed, as yet composed of perfect bone, but formed 
of cartilaginous pieces, — some being so disposed as to protect the gan- 
glionic mass above the oesophagus, which now from its size well deserves 
the name of brain, whilst others serve to afford bases of attachment to 
the muscular system in different regions of the body. 

(1524.) The most important piece met with in the cartilaginous 
skeleton of the Cuttle-fish encloses and defends the brain, and therefore 
is most appropriately called the cranial cartilage, being the corre- 
spondent, both in position and office, with the cranium of a vertebrate 
animal. This rudimentary cranium embraces the msophagus with a 
cartilaginous ring, encases the brain, affords passage to the optic nerves, 
and gives off orbital plates for the protection of the eyes. The cranial 
cartilage likewise gives a firm origin to the muscles of the locomotive 
tentacula appended to the head, and, moreover, contains within its 
substance an auditory apparatus, presenting the earliest condition of 
an organ of hearing such as is met with in the vertebrate division of 
the animal kingdom ; in every respect, therefore, it claims to be con- 
sidered^'as the first appearance of a skull. Another broad cartilage is 
imbedded among the muscles at the base of the funnel ; and two distinct 
plates, situated in the lateral fins of such species as possess append- 
ages of that description, offer, undoubtedly, the rudiments of those por- 
tions of the skeleton that sustain the locomotive limbs of quadrupeds. 

(1525.) But while we thus sec in the Cephalopoda the earliest form 
of an internal osseous skeleton, we cannot be surprised to find these 
mollusks still retaining, at the same time, the tegumentary calcareous 
shell or epidermic skeleton of inferior animals. 

(1526.) On slitting up the mantle of a Calamary (Loligo) along the 
mesial line of the back, it is found to contain a largo cavity, wherein 
is lodged a long plate of horn, called the gladius, which in shape might 
be not inaptly compared to the head of a Homan spear. This enclosed 
homy substance, notwithstanding the dissimilarity of texture, is, in 
fact, strictly analogous to the enclosed shell of the Slug, described in a 
former page ; and its growth is effected in the same manner, namely 
by an exudation of corneous material from the floor of the chamber 
that contains it ; and this homy secretion, hardening as it is deposited 
layer by layer, adds to the dimensions of the gladius as the growth of 
the animal proceeds. Several of these plates may be produced in suc- 
cession ; and in old individuals it is not uncommon to find two or three 
enclosed in the same cavity, and placed one behind the other — that 
nearest the visceral aspect of the chamber being the most recently 
formed. These mdimontary shells have no connexion whatever with 
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the soft parts of the Calamary, to which, in fact, they are so little ad- 
herent that they fall out as soon as the sac wherein they are secreted 

laid open. 

(1527.) In the Cuttle-fish (Sej)ia officinalis) the dorsal plate (os 
Sepicc) is found in the same situation as the gladim of the Calamary, 
from which, liowever, it differs remarkably both in texture and com- 
position. The cuttle-honey with the appearance of which every one is 
familiar, is principally composed of calcareous substance, and, were we 
to judge of its weight from its bulk, would seem calculated materially 
to interfere with the movements of an aquatic animal destined to swim 
about, and consequently needing whatever assistance might be derived 
from lightness and buoyancy. Did a creature so apparently destitute 
of natatory organs possess a swimming-bladder like that of a fish, to 
assist in supporting it in the water, we should conceive such an ap- 
paratus to be far more adapted to its predatory habits than a shell so 
bulky as that which it is destined to carry. 

(1528.) We have, however, already seen, in the case of the Nautilus, 
that it would be by no means impracticable to convert a shell into a 
float nearly equalling a swimming-bladder in efficiency ; and on more 
accuiute examination it becomes obvious that even in the bone of tho 
Cuttle we have a provision of a similar nature, though tho end arrived 
at is obtained in a very different manner. On making a sectiOn of a 
cuttle-bone, it will be found to bo composed of numerous stages of very 
thin calcareous plates placed at some distance above each other, and 
kept apart by the interposition of vertical laminae of the same substance, 
having, from the tortuosity of their meandcrings, the appearance of 
millions of microscopic pillars. Thus organized, tho shell in question 
becomes sufficiently light to float in wat^n, and consequently, from 
its buoyancy, no doubt assists, instead of impeding, the movements of 
the mollusk. This admirable float, like the homy gladius of LoligOy is 
lodged in a membranous capsule and enclosed in the back of the Seffia, 
having no connexion whatever with the sides of the cavity wherein it 
is placed, being so loosely adherent that it readily falls out on opening 
the sac. 

(1529.) The cuttle-hone is formed in the same manner as other shells, 
by tho continued addition of calcareous laminee secreted by that side of 
the containing capsule which is interposed between the shell and the 
abdominal viscera ; and these layers, being successively added to tho 
ventral surface of the shell, thus gradually increase its bulk as the 
Cuttle-fish advances to maturity. Neither in the mode of its gi-owth 
nor in its texture, therefore, docs the os Sepice resemble bone, properly 
so called ; it receives neither vessels nor nerves, but is in aU respects 
a dermal secretion, imbedded in the mantle, and formed in the same 
manner as the dorsal plate of the Slug. 

(1530.) We now come to consider the long-disputed question relative 
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to the nature of the shell of the Argomiul. The Poulpe that inhabits 
the elegant abode represented in a preceding figure (fig. 283), when 
removed from its testaceous covering, has the general fonn of an Oc^ 
topus. Its body (fig. 285) is enclosed in an ovoid muscular sac (d) ; 
and the head is surmounted by eight long sucker-bearing arms, of 
which six (e,f) taper gradually from their origins to their extremities, 
while the other two, formerly regarded as sails, and which we shall 
continue to designate by their ordinary name, vela, expand into broad 
membranes (/)). 

Fig. 285. 



Animal of the Argonaut out of its shell : a, the siphon ; ft, the so-eallecl vela ; c, the head • 
d, the body ; e,f, locomotive tentaeula. (After Poll.) 

(1531.) M. Sander Hang, who, during a residence at Algiers, had 
ample opportunity of studying the living Argonaut, ascertained that in 
the figure copied from Poli, which we have given in a preceding page. 
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the animal is placed in its shell in a reversed position, and that, when 
alive, the creature is always found with its veliferous arms turned 
towards the spire of its shell, instead of in the opposite direction, as 
re 2 )rcscnted in the drawing refeired to. Moreover, the vela, instead of 
forming sails, are invariably tightly spread out over the external surface 
of the shell (fig. 280), which they eover and entirely conceal from vicAV. 
With its veliferous arms thus firmly embracing its abode, the Argonaut 
has two modes of progression. It can certainly raise itself from the 
bottom, and sport about at the surface of the water ; but this is simply 
effected by the ordinary means used b}- Calamaries and Ccphalopods in 
general, namely by admitting the sea-water into its body and then 
ejecting it in forcible streams from its funnel, so as to produce a retro- 
grade motion, which is sometimes very rapid. Its usual movements 
are, however, confined to crawling at the bottom with its head down- 
wards ; and in this way it creeps, carrying its shell upon its back. 

(1532.) The reader will obtain a better idea of the real appearance of 
the Argonaut in its shell by inspecting the annexed copy of M. Bang’s 
figure than from any verbal description, and we borrow that gentle- 
man’s own account of its general appearance*. The membranous por- 

Fig. 280. 



Argonaut. (After M. Sander Kang.) 

tions of the expanded 'arms, dilated beyond anything we could have 
pictured to ourselves while knowing the animal merely by specimens 
preserved in spirits of wine, arc spread over the two lateral surfaces of 
the shell in such a manner as to cover it completely from the base of 
the hard edge to the anterior extremity of the edge of the opening, 

* For more ample details upon this subject, the reader is referred to an excellent 
translation of M. Kang’s paper contained in Mr. Charlosworth’s Magazine of Natural 
History, new series, vol. iii. 
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and consequently the keel. Tlie application of these membranes is 
direct, and without any puckering or irregularity whatever, — the lower 
part of the two large arms being completely stretclied, so as to form a 
kind of bridge over the cavity left between the back of the raollnsk and 
the retreating portion of the spire. When the molliisk contracts itself, 
it frequently draws in more or less completely its large arms and their 
membranes, so as partially to uncover the shell in front, as is repre- 
sented in the figure (fig. 286). 

(1533.) There is little doubt that the vela of the Argonaut, which 
thus envelope its abode, arc the organs employed in constructing the 
brittle fabrics, and the agents whereby fracture and wounds in the 
shell are repaired and filled up. 

(1534.) The positive experiments of Madame Power* leave no doubt 
upon the subject ; for not only did that lady, by rearing young Argo- 
nauts from the egg, watch the first appearance and earliest growth of 
the shell, but, by breaking the testaceous covering of adult specimens, 
she found that they could readily repair the' damage inflicted. Being 
desirous of observing the manner in which this operation was accom- 
plished, the lady to whom science is indebted for these interesting 
researches examined an individual on the day after its shell had been 
intentionally broken, and found that the aperture was already covered 
by a tfon glutinous lamella, which, although as yet as delicate as a 
cobweb, united the margins of the fracture. The next day the lamella 
had become thickened to a certain degree and more opake; till at 
length, at the end of ten or twelve days, the new piece had become 
quite calcareous, Madame Power is likewise certain that, while in the 
act of mending the fractures, the Argonaut applied its vela to the exte- 
rior of the shell, and wrinklpd them upon it ; whence they may naturally 
be regarded as bring the source from which the glutinous secretion that 
finally became hardened into shell proceeded. 

(1535.) In order to understand the manner in which the remarkably- 
constructed camerated shells, such as those of Nautilus, are produced, 
it is not necessary to imagine any deviation from the simple mode of 
procedure adopted in all the cases we have as yet considered. The 
continual elongation of the spiral cone is, as is evident from the lines of 
growth visible upon its outer surface, effected by the addition of suc- 
cessive layers to the margin of the aperture of the last-formed chamber, 
wherein the animal resides ; and as the production of the calcareous 
secretion whereby the shell is enlarged is most rapidly effected upon 
that side of the body where the funnel (fig. 284, i) is situated, the 
gradually-expanding shell naturally revolves around an excentric axis. 
While the growth of the shell continues, the animal is constantly 
advancing forwards, and thus leaves the first-formed portions of the 

* Magazine of Natural History, April 1839, “ Obscrvalions on tlio Poulpe of the 
Argonaut,” by Madame Jeannette Power. 
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shell unoccupied. At intervals, as the Nautilus thus removes itself 
further and further from the bottom of its abode, that portion of its 
mantle which covers the general surface of its visceral sac (fig. 284, a) 
secretes floors of shelly substance behind it ; and thus the septa (s s) 
arc formed, whereby the shell is separated into chambers, every chamber 
having in turn been occupied by the body of the Nautilus. The gradual 
prolongation of the fleshy siphon (h) is easily understood, because it 
naturally increases in length with the growth of the animal : but how 
the two muscles (fig. 284, that fix the body to the shell, progressively 
advance their points of attachment as the shell enlarges, is not so readily 
explained ; neither are we prepared to account satisfactorily for the 
accomplishment of this part of the process. 

(1536.) It has been already stated 
that in all Cephalopods the aperture -^7- 

of the mouth is situated in the centre 
of the disk formed by the union of 
the origins of the feet (figs. 282, 289). 

The oral orifice is generaUysurrounded 
by a broad circular lip (fig. 287, A, a), 
which being not unfrequently fringed 
or papillose, there is little doubt of 
its possessing sufficient sensibility to 
render it of material assistance in 
manducation. 

(1537.) The circular lip partially 
conceals a pair of strong horny man- 
dibles, not unlike the beak of a 
parrot, but differing in this parti- 
cular, that in the Cephalopod the 
upper mandible is the shorter of the 
two, and is overlapped by the lower 
jaw. The mandibles detached from 
the soft part are represented in fig. 

287, B, a, h). There is likewise an- B 
other important difference between 
the structure of the beak of the 
Cuttle-fish and that of the Bird, in- 
asmuch as in the former there is no 
bony support to the homy jaws, and 
consequently some other means of JawBof theCuttie-fish. A: a,ae8hy 

orifice of the mouth ; o, muBcular mass 
sustaining them must be had recourse of the mouth; c, mandibles; d,OBso- 

to. We accordingly find the place 
of the jaw-bones supplied by a fibro- 
cartilaginous substance (fig. 288, e) that fills the interior of each man- 
dible, and thus gives it sufficient solidity for all required purposes. 
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Externally the jaws are imbedded to a considerable depth in a strong 
mass of muscle (fig. 287, ?>), composed of several layers of fibres variously 
disposed, so as to open or close the jaws with a degree of force propor- 
tioned to their largo size. Here therefore is an apparatus fully ade- 
quate to cooperate with the elaborately-constructed prehensile arms 
whereby these predatory animals seize their prey ; and a victim once 
involved in the tenacious grasp of the tentacula, and dragged to this 
powerful beak, can have but little chance of resisting means of destruc- 
tion so formidable as those granted to the Cephalopoda. 

(1538.) The mandibles of Nautilus PompUiuSf instead of being entirely 
composed of horn (as is invariably the case in those genera that, being 
provided with tentacula armed with suckers, are thus capable of seizing 
active and slippery animals), would seem to be rather calculated to^ 
break to pieces the testaceous coverings of Mollusca or the armour of 
the Crustacea. They possess, indeed, the shape of the jaws already 
described, but are blimt at their extremities (fig. 289, n, o), and thick- 
ened by a covering of a dense calcareous substance ; so that they appear 
manifestly adapted to crush hard substances rather than to cut or lace- 
rate the tender bodies of fishes*. The jaws of the Nautilus, like those 
of the Octopus above described, are imbedded in a powerful mass of 
muscles (p) whereby they arc opened and shut with great force, and 
arc als^ provided with a distinct muscular apparatus destined to pro- 
trude them when in use, and again to retract the whole mass of the 
mouth deeply into the body when unemployed. The mechanism pro- 
vided for the protrusion of the mandibles is a strong semicircular muscle 
(r r), which firmly embraces the base of the oral apparatus, and by its 
contraction pushes it outwards among the labial tentacula (h, k) ; while, 
on the other hand, four retractor muscles, the upper pair of which arc 
represented in the figure referred to (q q), arise from the extremities 
of the cranial cartilage, and, running forwards to bo inserted into the 
oral mass, are the agents whereby the whole is again withdrawn and 
thus concealed from view. 

(1539.) The tongue of the CEPnALOPonA, as in the Mollusca described 
in the last two chapters, is an exceedingly important instrument, and 
from its construction would here seem to bo an organ of taste, as well 
as a necessary assistant in deglutition. In the annexed figure, repre- 
senting a vertical section of the beak of a very large Onychoteuthis, the 
shape and disposition of the different parts of the tongue are well seen. 
The substance of the tongue itself is fleshy (fig. 288, e, i), and its 
movements are principally performed by the action of its own intrinsic 
muscular fibres : its surface is divided into several lobes (f, g, 7i), par- 
tially invested with a delicate and papillose membrane ; but a large 
portion of the organ is covered with sharp recurved homy booklets, 
so disposed that with their assistance the morsels of food taken into 
* Owon, ‘ Memoir on the Pearlj Nautilus.’ London, 1832, 4to. 
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tho mouth arc seized and dragged backwards, by a kind of peristaltic 
motion, to tho commencement of the oesophagus (1), The necessity of 
tlie provision thus made for enabling the Cephalopoda to swallow the 


Fig. 288. 



Section of tho oral apparatus of Onj/chofeufhix : a, circular lip surroumliug th(s mouth ; 

1), d, horny boak; e, cartilaginous substance forming the bulk of tlu* mandible ; c, i, muscular 
tongue , 9 i A, lobes upon its surface; it, salivary glands; I, cesophagus. 

substances upon which they feed must be atH)’nce apparent ; for, seeing 
that the walls of the mouth are formed entirely by the hard and in- 
ilcxible homy beak, it is difficult to conceive how deglutition could have 
been accomplished by any other contrivance. 

(1540.) Four salivary glands i)our a copious supply of saliva into the 
oral chamber : of these, two, situated on the sides of the root of the 
tongue, give off distinct ducts, which terminate near the commence- 
ment of the cesophagus ; while tho other pair, generally larger than 
the superior, are lodged in the visceral sac on each side of the upper part 
of the crop. The inferior salivary glands each furnish an excretory 
canal ; but their two ducts soon unite into a single tube which, with 
the oesophagus, passes through tho ring formed by the cranial cartilage, 
and, piercing the fleshy mass of the mouth, opens in the neighbourhood 
of the spiny portion of the tongue, so that the secretion furnished at 
this point serves to moisten the aliment as it is taken up by the 
lingual hooks to be swallowed. In Owjehoteuthis two salivary glands 
(fig. 288, h) are situated at the root of tho tongue ; and their ducts are 
pointed out in the drawing by pins introduced into their orifices. 
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(1541.) The alimentary canal presents the same general stnicturo in 
all the Cephalopod families. The oesophagus (fig. 287, a, d ; fig. 289, s), 
derived from the posterior part of the fleshy mass of the mouth, passes 
through a ring formed in the cranial cartilage ; or else, as in 
is partially embraced by processes derived therefrom. It soon dilates 
into a capacious crop (fig. 289, t), the walls of which are glandular ; and 


Fig. 289. 



Anatomy of Nautilua Pomptltu, (after Owen): o. b, c, d, /, section of the mantle 
g. large cirwlar flap surrounding the mouth, supporting h, a series of retractile tcntacula 
smaller lobes, also provided with retractile tcntacula; kk,l, presumed olfactory apparatus 
m, circular lip ; n, o, homy mandibles ; p, q, r, muscular apparatus of the mouth ; s, cDsoWens 
t, crop; «, gizsard ; w w, intestine ; r, anus; y, poncreatic organ ; « e, lobes of the liver. 


being lined with a mucous membrane that is gathered into longitudinal 
plicffi, this organ readily admits of considerable dilatation. 
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(1542.) From the crop, a short passage (fig. 289, w) loads into a 
strong muscular gizzard (v) resembling that of a granivorous bird, and 
lined in the same manner by a thick coriaceous cuticular layer : in this 
gizzard, therefore, the food is gradually bruised and reduced to a pulta- 
ceous magma. 

(1543.) At a little distance from the gizzard there is, in the Nautilus, 
appended to the side of the intestine, a globular viscus (y), which is 
hoUow, and its cavity commimcates freely with tho intestinal canal. 
The interior of this organ Professor Owen found to be occupied by broad 
parallel laminse, puckered transversely, so as to offer a great extent of 
surface ; and when examined under a lens, their structure was seen to 
be follicular, and evidently fitted for secretion. The bile is poured into 
this cavity, at the extremity furthest from the intestine, by a duct large 
enough to admit a common probe. 

(1544.) In other genera this laminated viscus is represented by a 
caecal appendage to the intestine, placed precisely in the same situation ; 
and on opening it, its internal surface is found to be increased by a 
spiral lamella that winds closely upon itself from one end to the other. 
In such cases it is near the apex of the spire that tho bile is received 
from the liver ; so that in all essential particulars this spiriform viscus is 
precisely analogous to the laminated cavity of the Nautilus. T^ere can 
bo little doubt that this apparatus represents a capacious duodenum, 
and that it is by the extensive surface afforded in its interior that tho 
nutritious portions of tho food are separated, as neither the gizzard nor' 
tho intestine itself presents an organization adapted to such a purpose. 
With respect to its other uses Professor Owen remarks that its recep- 
tion of the biliary secretion renders it in some measure analogous to a 
gall-bladder; hut most probably its chief office is to pour into tho com- 
mencement of the intestinal canal a fluid which is necessary for tho 
completion of digestion ; so that, like tho pyloric appendages of fishes, it 
might be considered to bo the representative of a pancreas. 

(1545.) The remainder of the intestine is a simple tube, which, after 
one or two turns upon itself, mounts up to the base of the funnel, into 
'which it opens, and thus allows tho excrement to be ejected to a distance • 
from the body. 

(1546.) The liver (fig. 289, s) is of very great bulk when compared 
with tho rest of tho digestive apparatus. In Nautilus it is divided into 
four distinct lobes, which are themselves made up of numerous lobules 
of an angular form, each being invested with a very delicate capsule. 
On removing the capsule every lobule is scon to be composed of nume- 
rous acini, which with a needle may bo readily separated into clusters 
connected by the ramifications of their excretory duct. In other genera, 
such as Octopus, wherein these acini have been minutely examined, 
they have proved to bo delicate cells or secerning ca3ca wherein the bile 
is elaborated. Tho excretory canals derived from all the lobules of tho 

2 p 



578 


CEPHALOrODA. 


liver unite by repeated anastomoses, and thus form two main trunks, 
which ultimately join, and pour the biliary secretion into the laminated 
or pancreatic cavity (?/). 

(Ie547.) In the Cephalopods, as in all the Mollusca, the bile is sepa- 
rated from arterial blood supplied by large vessels derived immediately 
from the aorta, — no system of veins analogous to the vena portce of higher 
animals being as yet developed. 

(1548.) In the Dibranchiate genera the liver is either undivided, or 
presents only two lobes ; but in other respects its composition and 
minute structure is similar to that of the Nautilus. 

(1549.) In all the CEruALorouA, with the exception of the Nautilus 
PompiliuSj there is an orifice in the immediate vicinity of the anus, 
through which a coloured secretion, generally of a deep-brown or in- 
tense-black colour, can ])C poured in astonishing abundance ; and this 
))Ccoming rapidly diffused through the surrounding water, a means of 
defence is thus j)rovided ; for no sooner does danger threaten, or a 
foe appear in the vicinity of the Cuttle-fish, than this ink is copiously 
ejected, and the element around rendered so opake and cloudy, that the 
Cephalopod remains completely concealed from its j^ursuer, and not un- 
frccpicntly ensures its escape by this simple artifice. The organ wherein 
the inky secretion is elaborated is a capacious pouch, variously situated 
in difiPerent genera. In Octopus it is enclosed in tlie mass of the liver ; 
in Loliyo it is located in the immediate vicinity of the anus ; and in 
Sepia (fig. 290, q) the ink-bag is lodged near the bottom of the visceral 
sac. On opening it, and carefully washing away by copious ablution the 
ink within, the cavity of the ink-bag is seen to be filled up with a 
spongy cellulosity, wherein the blacking material had been entangled ; 
and from this cellular chamber a duct leads to the outward orifice, 
through which the dark secretion is ejected at the ^vill of the animal, and 
s(piirtc*d from the extremity of the funnel. 

(1550.) The CEruALorouA breathe by means of branchiae, and possess 
a (!om 2 jlex and elaborate circulatory system, organized upon very extra- 
ordinary j)rincipies, to the cousideration of which we now invito the 
attention of tlie reader. 

(1551.) The branchiae (fig. 290, yg) in all the genera now known to 
exist, with the exception of the Nautilus, are two in number, one 
situated on each side of the body ; but in the Nautilus Pompilivs there 
arc four branchial organs, two on each side ; and hence Professor Owen 
has divided the class into two great ordera, under the names of Dihran- 
chiata and Tetrabmnchiata , — the former embracing all the ordinary 
genera, while the latter is, as far as we know, only represented in 
modern times by the Pearly Nautilus, depicted in a preceding figure. 

(1552.) In both the Dibranchiate and TetrabrancMate orders, each 
branchia consists of a broad central stem, to wliich is appended a series 
of vascular lamcllcc, seen in the figure given below (fig. 290, g) : by this 
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arrangement a very extensive surface is obtained, over which the blood 
is diffused for the 2 )iiii)ose of respiration. The respiratory apparatus is 
lodged within the visceral sac, but sc 2 )arated from the other viscera by 

h'hr. m 



Anafomy of the Cufctlo-flsh (alitor Iluntor): a o, soction of the mantle; A, e, venro caric; 
d, flpongoid appendages of ditto; ec, branchial hoiirts; m m, their lateral appendages: 
//, ligaments of branehia;; ff, branchial organs; A, branchial vein; it, systemic auricles; 
k, systemic ventricle; o, the stomach; p,g, the ovaria. 


a membranous septum (fig. 289, t) ; so that a distinct chamber is formed 
to contain the branchiae, into which the water is freely admitted, — the 
surrounding clement being alternately drawn into the branchial cavity, 
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by the action of its muscular walls, through a valvular aperture provided 
for the purpose, and again expelled in powerful streams through the 
orifice of the funnel. Such, indeed, is the force with which the water 
is ejaculated through the funnel, that it not only servos to expel from 
the body excrementitious matter derived from the termination of the 
rectum (fig. 290, .s), which opens into the respiratory cavity, but be- 
comes one of the ordinary agents in locomotion. This mode of progres- 
sion, although in fact common to most of the Cephalopod tribes, is re- 
markably exemplified in the Argonaut, which, instead of navigating the 
surface of the sea, as lias been already stated, simply darts itself from 
place to place by sudden and oft-repcated jets thus violently spouted 
forth, while with its arms stretched out and closely approximated, and 
its vela tightly expanded over the outward surface of its delicate shell, it 
shoots backwards like an arrow through the water. 

(1553.) Separated from the chamber in which the branchiue are 
lodged, by the membranous partition already mentioned (fig. 290, t), and 
likewise distinct from the peritoneum containing the viscera, is a con- 
siderable cavity, divided by a membranous partition into two compart- 
ments, wherein arc placed the great trunks of the venous system (d d). 
These chambers, named by Cuvier* the great venous cavities,” arc 
very rmnarkablc, inasmuch as, although they contain the vence cav(v, 
which here present a tinily anomalous structure, they are lined with a 
mucous membrane derived from the branchial chamber, with which tlicy 
are in free communication, and from whence the external clc;ncnt has 
free admission to their interior, 

(1554.) It is in this great venous cavity called by Professor Owen 
the pericardium,^^ that, in the Pearly Nautilus, the siphon wliich 
traverses the partitions of . its camerated shell (fig. 284) terminates ; 
and the reader will now perceive by what mechanism water received 
from the branchial chamber may, in that animal, be injected into its 
partitioned shell for the purpose already referred to (§ 1517). 

(1555.) In the great venous cavity,^ or pericardium,^^ thus formed, 
are lodged the principal venous trunks (fig. 290, d d), into which the 
blood derived from all parts of the body is brought by capacious vessels 
{!), c c) that may be called the vence cavee. The great central receptacles 
of the venous blood (d d), whilst they are contained in i\\o pericardium 
(or, rather, project into its interior, being partially covered with the 
mucous membrane that lines its walls), are enveloped by a mass of 
spongy appendages of a most remarkable and peculiar description. 
These spongy masses are of a yellow colour, and, when squeezed, they 
give out an opake yellowish mucosity t ; but the most interesting cir- 
cumstance connected with these bodies is, that they communicate by 
largo and patulous apertures with the interior of the veins to which 
they are adherent. The short canals derived from these apertui'cs are 
* Memoire sur la Poulpe. Hid. 
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themselves pierced by very numerous orifices, and so on successively, 
until each of the spongy bodies referred to is permeated internally by a 
multitude of short vessels leading one into another, and ultimately into 
the vein itself. Cuvier supposes that, seeing it is impossible that these 
vessels should not bo filled with blood, they might themselves bo con- 
sidered as veins ; but then their extent, when compared with the very 
small arteries of the spongy bodies, forbids us to believe that they have 
no other office than that of bringing back into the general current of the 
venous circulation blood derived from these arterial ramifications. Ho 
suggests, therefore, that they more probably form diverticula in which 
the venous blood may become diffused, in order to receive, through the 
intervention of their spongy walls, the influence of the surrounding 
medium; so that in this way they may be subservient to respiration ; 
or else it is possible that the orifices in the veins are the openings of 
excretory canals derived from these appendages, through which they 
may pour into the vein some substance derived from the water in 
which they float. Lastly, it is conjectured that they may be emunc- 
tories, through which some principle separated from the blood is dis- 
charged from the body through the pores upon their surface — a suppo- 
vsition rendered more probable, seeing the abundant mucous secretion 
that may be extracted from them by pressure. However this |jay be,” 
observes Cuvier, it is certain that the communication between these 
bodies and the exterior is very open ; for on blowing into or injecting 
the vein, the air or injection passes very readily into the cavity that 
the vein traverses ; and, on the other hand, on inflating the cavity from 
the branchial chamber, it often happens that the vein becomes filled 
with air.” 

( 1550 .) Mayer* not only adopts the last of the above-mentioned 
suggestions relative to the nature of these spongy appendages to the 
great veins of tlie Cephalopoda, but ventures to bring forward an 
opinion that they perform the office of the kidneys of higher animals, 
and separate from the blood a fluid analogous to the urinary secretion ; 
so that, according to this view, the anatomist referred to does not scmplo 
to designate the chamber called by Professor Owen the ** perimrdium ” 
as a urinary bladder ; and to the two orifices leading from thence to the 
cavity in which the branchise are lodged he would assign tho name of 
urethree. Professor Owen has suggested that, in addition to their sub- 
serviency to secretion, these appendages to the veins of Cephalopods 
may be provisions for enabling their sanguiferous system to accommo- 
date itself to those vicissitudes of pressure to which it must be con- 
stantly subjected, and that they bear a relation to the power possessed 
by these animals of descending to great depths in the ocean, — ^thus 
answering the same purpose as tho capacious auricle and the large 
venous sinuses that terminate in the heart of fishes. According to this 
* Analecten fiir vergleichcndcn Anatomic. 4to, 1835. 
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view, these follicles relieve the vascular system by affording a tempo- 
rary receptacle for tlio blood whenever it accumulates in the vessels, 
owing to a partial impediment to its course through the respiratory 
organs, serving in this manner to regulate tlie quantity of blood sent to 
the branchia)*. 

(1557.) In NautihfSf Professor Owen found, in addition to the spongoid 
appendages connected with the veins, lodged in what he denominates 
the “pericardium” that the great trunk of the vena cava itself presents 
a structure precisely analogous to what has been already described 
when speaking of the venous system of Aplysui among the Gastekopoda 
(§ 1420), namely a free communication between the interior of the vein 
and the cavity of the peritoneumt. The vein is of a flattened form, 
being included between a strong membrane on the lower or ventral 
aspect, and a layer of transverse muscular fi])res which decussate each 
other on the iqjper or dorsal aspect. The adhesion of the coats of the 
vein to the muscular fibres is very strong ; and these fibres form in 
conse(iuencc part of the parietes of the vein itself throughout its whole 
course. Put there arc several small intervals left between the muscular 
fasciculi and corresponding round apertures both in the vein and in the 
peritoneum ; so that the latter membrane at these points seems to bo 
continues with the lining membrane of the vena cava. The distin- 
guished anatomist refiirrcd to counted as many as fifteen of these 
openings, sind most of them were sufficiently large to admit the head of 
an oyc-probc. Here, therefore, as in AplysUiy there are direct com- 
munications between the interior of the vena cava and the great serous 
cavity of the abdomen ; and moreover, in both instances, from the pecu- 
liar muscular structure of the vein at the part where these orifices occur, 
their use appears to depend' on, or to be in connexion with, a power of 
regulating their diameters 

(1558.) The blood derived from the great venous receptacles (fig. 
290, d d) is at once conveyed to the branchim, and distributed through 
all the lamcllm (y < 7 ) which enter into the composition of the respiratory 
apparatus. Two distinct hearts, one jfiaced on each side of the body, 
are intcrj)Osed between the branchiae and the great trunks of the venous 
system, serving by their action forcibly to drive the blood through the 
ramifications of the branchial arteries. These lateral hearts (fig. 290, e e) 
are of a blackish colour, and their walls moderately thick : internally 
their cavities arc filled w*ith intercommunicating cells ; and moreover a 
strong mitral valve is placed at the orifice through which they receive 
blood from the veins, as well as smaller valvules at the origin of the 
branchial arteries ; the latter enter the principal stem of the branchijB, 
and, running beneath the ligament (/), divide and subdivide, so as to 
bo dispersed over all the branchial leaflets. 

* Memoir on Nautilus Povtpilius, p. 34. 

t Op. cit. } Op. cit. p. 30. 
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(1559.) In Sepia there is appended to each lateral heart a lU'shy 
appendage (m m), wliich, however, is not met with in tlie generality of 
Dibranchiatc Cephalopods. These bodies are attached to the hearts by 
narrow pedicles ; and Professor Owen considers them to be nidiineiits of 
the additional pair of branchia) met with in the Pearly Nautilus. 

(1560.) In NaiUilm Pompillus the hearts just mentioned do not exist, 
doubtless because the greater extent of surface afforded by the four 
brfinchije of this Cephalopod renders the presence of extraordinary 
agents for imijelling the blood through them, in order to ensure efficient 
respiration, unnecessary. 

(1561.) After undergoing exposure to the surrounding medium in the 
extensive ramifications of the branchial arteries, the purified blood is 
returned to the organs belonging to the systemic circulation. In Se 2 )ia 
it is first received from the branchim by two dilated sinuses (/ /), which 
might almost be regarded as systemic auricles; and from these it ]>as.ses 
into a strong muscular cavity (/^), which corresponds in function u ith 
the left ventricle of the human heart, and by its pulsations forcibly 
propels the blood through all tlio arterial ramifications of the vascailar 
system. Two aortoc, one derived from each of its extremities, aiiso 
from the systemic ventricle, the commencement of each being guarded 
by strong valves so disposed as to prevent all reflux towards thj| central 
h(5art; and thus the circuit of the blood, accom 2 )lished in this compli- 
cated system of blood-vessels, is comidctcd. In Nautilus the lateral 
sinuses are wanting, and the systemic ventricle is of a square shape ; 
but in other respects the course of the circulation is the same as is 
above described. 

(1562.) In the Poulpo {Octopus vuhjaris)*^ the blood thus distri- 
buted through all parts of the body by the arterial vessels returns 
towards the branchial through a system of venous canals composed 
partly of vessels furnished with distinct parictes, partly of a series of 
lacunai or spaces only ciriumscribed by the circumjacent parts. 

(1563.) The veins derived from the anus and the ceidialic region, in 
conjunction with those of the siiihiincle and the great visceral veins, at 
length unite and form by their union the two vena) cavae (hg. 290, d d), 
through the intervention of which the greater part of the blood is con- 
ducted to the preliminary hearts (fig. 290, e e). So far these venous 
trunks offer no very striking peculiarity, but arrived in the vicinity of 
the gizzard they present a very remarkable arrangement : instead of 
being formed by the junction of other smaller veins, they become un- 
interruptedly continuous, with an immense venous reservoir which oc- 
cupies all the dorsal aspect of the abdomen, and, indeed, they seem to be 
a continuation of this membranous reservoir. It is to M. Delle Chiajet 

Milne-Ed wards, Ann. des Sci. Nat. 1845, toin. iii. p. 646. 

f Ipfcituzioni di Anatoinia e FisioJoffia Coaqiarala, part<i I", Aninuili soma Vor- 
tebre dol Regno di Napoli, tom. i. 
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that the merit belongs of having first indicated the existence of this 
curious arrangement ; but while the illustrious Neapolitan naturalist 
regards it as being simply a large venous sinus, Milne-Edwards looks 
upon it as being the visceral cavity itself, lined with peritoneum, as 
in the higher animals, into which the blood is received, and wherein it 
bathes directly the pharyngeal mass, the salivary glands, the stomachs, 
and the other principal viscera. In the Cuttle-fish (Se^ia) and in the 
Calamary (LoUgo)^ the above peculiarities met with in the Poulpe 
do not exist, so that there is a remarkable accordance between the in- 
ternal structure of these Cephalopods and the zoological characters 
furnished by the number of their cephalic appendages. In those genera 
furnished with only four pairs of arms the venous system is semi- 
lacunose in its character, whilst in the ten-armed races it is entirely 
vascular throughout the abdomen, although it stiU presents a lacunoso 
character in the cephalic region. 

(1564.) In the nervous system of the Cephalopoda we may naturaUy* 
expect to find not only a superiority in the development of the nervous 
centres, as compared with the condition of these important masses in 
the lower Mollusca, but some indications at least of an approximation 
to that arrangement so eminently characteristic of the vertebrate di- 
vision of the animal world, to the confines of which wo are now gra- 
dually approaching ; more especially as, in the activity of the move- 
ments of these creatures, and in the increased perfection of their senses, 
we have abundant evidence of the elevated position assigned to them 
when contrasted with other moUusks of less carnivorous and rapacious 
habits. 

(1565.) The nervous ganglia from whence the muscles and viscera 
derive their supply are still numerous and widely scattered ; but their 
size is considerable, and proportioned to the importance of the organs over 
which they preside. It is to the encephalic portions of the nervous 
system, however, that we must principally turn our attention if we 
would rightly estimate this part of their economy ; and these, we at 
once perceive, have in the class before us attained to such magnitude 
and importance that they emulate, no longer dubiously, the brain of a 
fish, with which it is not difficult to compare them. 

(1566.) In a Cephalopod the encephalon (for so we now may truly 
call it) is enclosed, as has been already noticed, in a distinct cartila- 
ginous skull, which embraces it on all sides and defends it from injury. 
The capacity of the cranial cavity, however, is more than sufficient to 
contain the brain ; and, as is the case in fishes, the interspace is filled 
up with a semigelatinous substance. The brain, moreover, still forms 
a ring, through which the oesophagus passes ; so that wo might with 
propriety preserve the terms supracesophageal and infraocsophageal 
ganglia, were these parts not now become so intimately united to each 
other that they seem fused into a single mass (fig. 294, a, 6), from 
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different portions of which, neiwes serving very different offices take 
their origin. 

(If567.) In Nautilus the nervous system has been most minutely and 
critically examined ; and the important deductions to which the re- 
searches of Professor Owen point, relative to the analogies that may be 
traced between the encephalon of these creatures and the brain of higher 
animals, have served to attach an interest to the study of this part of 
the economy of tho Cephalopoda which has scarcely as yet been suffi- 
ciently appreciated by physiologists. 

(1568.) In the Nautilus PorwpiliuSy the supra-oesophageal ganglion of 
the Gasteropoda is represented by a thick round cord of nervous matter 
(fig. 291, 1), which is in communication with two nervous collars (3 3, 
4 4) that surround the oesophagus, and likewise with two large ganglia 
(2) from which the optic nerves take their origin ; but in the Cuttle- 
fish the same portion of the nervous system (fig. 294, a) is much more 
largely developed, and presents a ganglionic mass of considerable size. 
If we inquire the reason of this want of correspondence in magnitude 
presented by the same organ in these two cases, we must necessarily 
examine the relations in which this part of the brain stands with other 
circumstances in the economy of the two animals in question ; and wo 
perceive, as Professor Owen has most satisfactorily dcmonstratec^J^, that 
the brain is here developed in accordance with the relative complexity 
of the organ of vision, and also with the perfection of tho locomotive 
faculties possessed by the Cephalopods under consideration. With the 
exception of sundry small twigs given off to tho mouth and pharynx, 
the optic nerves (fig. 291, 2 ; fig. 294, e) are the only ones derived 
from this part of the encephalon ; and, as we shall afterwards see, both 
tho simply-constructed eye of the Nautilus and the complicated visual 
organs of the Sepia arc correspondent to the development of the supra- 
oesophageal brain ; so that consequently the latter may, with every 
show of reason, be looked upon as the representative of the optic lobes 
found in the encephalon of fishes f, and the analogue of the bigeminal 
bodies *in the brains of the higher Vertebrata. 

(]5G9.) The ganglia connected with the inferior aspect of the supra- 
oesophageal mass form two distinct collars embracing the oesophagus, — 
an arrangement of which wo have already mot with an example in Clio 
borealis among the Pteropod Mollusca. In Nautilus, the anterior ring 
of nervous substance, which no doubt ought rather to be considered 
as an agglomeration of ganglia than as a simple ganglionic mass, 
gives off nerves, 1st, to the ophthalmic tentacles (fig. 291, 6) ; 2ndly, 
to the digital tentacles (6) ; 3rdly, there arises, from near tho ventral 

* Descriptive and Illustrated Catalogue of the Physiological Series of Comparative 
Anatomy contained in the Museum of the Boyal College of Surgeons of England, 
vol. iii. part 1. p. 187. 

f Cyclopwdia of Anatomy and Physiology, art. Cephalopoda. 
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aspect of the ganglionic collar, a pair of nerves (7), (’ach of which soon 
dilates into a large ganglion (8), from whence are derived the nerves of 
the internal labial tentacles (9) and also other gangliform nerves (10), 
distributed to what Professor Owen regards as the olfactory apparatus ; 
lastly, the anterior collar gives off nerves (ll) which penetrate the mus- 
cular integument and supply the infundibulum. 

(1570.) In the Dibranchiate Cephalopods, the nerves derived from 
that portion of the brain that may bo regarded as analogous to the 
anterior collar of Nautilus supply lie locomotive sucker-bearing arms, 
the labial apparatus, and also the auditory organs (fig. 294, c, d) ; but 
the latter have not been foimd to exist in Nautilus Pompilius. 

(1571.) There is no possibility of doubting that the above nerves, 
distributed as they arc to the complex sensitive tentacula connected 
with the head and parts of the mouth, represent the fifth pair in the 
Vertebrata — their general distribution and semi-ganglionic character 
being, cwteris paribus, precisely similar ; so that those portions of the 
brain of vertebrate animals from whence the trifacial and auditory 
nerves originate may reasonably be compared with the anterior sub- 
oesophageal collar of the Cephalopoda. 

(1572.) The posterior subcesophageal ganglionic ring (fig. 291, 4 ) 
may bj. compared to the medulla oblongata of quadrupeds. In Nimti- 
lus it gives origin, 1st, to numerous nerves ( 13 ) which, after a short 
course, plunge into the muscular parictes of the body, to which they arc 
distributed ; 2ndly, to two large cords ( 14 ) which terminate by be- 
coming gangliform ( 16 ), and supply the branchial apparatus and the 
viscera — thus representing the par vagum in their distribution, and in 
like manner communicating with branches apparently corresponding 
with the sympathetic nerves that arc spread out over the heart and 
ramifications of the vascular system ; lastly, slender nerves, allied to the 
sympathetic, accompany the vena cava into the abdomen. 

(1573.) Such being the arrangement of the principal nervous ganglia 
and the general distribution of the nerves, we must now turn our atten- 
tion to the instruments of sensation possessed by these comparatively 
highly-gifted animals ; and these, as we shall soon perceive, are in all 
respects correspondent, in the perfection of their structure, with the 
exalted condition of the brain, and, from their peculiar organization, 
highly interesting to the physiologist. 

(1574.) The sense of touch, as might naturally bo expected, resides 
principally in the tentacula, or feet, as they arc generally termed, placed 
around the mouth, and forming, as we have already seen, instruments 
of locomotion as well as prehensile organs. In the Dibranchiate Cepha- 
lopods those tentacula are armed with the tenacious suckers described 
in a former page ; but in the Nautilus they arc so peculiar, both in 
structure and office, that a more elaborate description of them becomes 
reepusite in this place, for which, of course, we arc necessarily indebted 
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to the same source from whence we have derived all our information 
relative to this extraordinary animal. 

(1575.) The head of Nautilm (fig. 284) is of a conical form, and of a 
much denser texture than the analogous part in the Dibranchiate Cc- 
phalopods : it is excavated in such a manner as to form a receptacle or 
sheath, into which the mouth and its more immediate appendages can 
be wholly retracted, and so completely concealed as to require the aid 
of dissection before they can bo submitted to examination. The orifice 
of this great oral sheath is anterior, its superior parietes being formed 
by a thick triangular hood (fig. 284, n) with a wrinkled and papillose 
exterior, while the sides give off numerous conical and trihedral processes 
(o 0 o) : the inferior portion of the cone is thin, smooth, and concave, 
and rests upon the funnel {i). Prom the disposition of the hood, and 
the tough coriaceous texture of its substance, it is evident that this part 
is calculated to perform the office of an operculum by closing the aper- 
ture of the shell when the body of the animal is retracted. 

(1570.) The lateral processes {o o o) are thirty- eight in number, 
nineteen on either side, irregularly disposed one upon another, and all 
converging towards the oral sheath; but as the hood itself consists 
apparently of two very broad digitations conjoined along tlie mesial line, 
twenty pairs of these lateral appendages may be enumerated. TJierc is 
not the slightest appearance of ucetabula, or suckers, upon any of these 
cephalic appemdages ; but their exterior surface is more or less rugose : 
each is traversed longitudinally by a canal, in which is lodged an annu- 
latcd cirrus or tentacle (figs. 284, 291), which is about a line in diameter, 
and from 2 inches to 2^ inches in length. In the specimen examined, 
a few of the cirri were protruded from their sheaths to the extent of half 
an inch, but the rest were completely retracted, so as not to bo visible 
externally ; and on laying op(*n some of the canals, the extremities of 
several were found us far as a quarter of an inch from the aperture ; so 
that they appear to possess considerable projectile and retractile powers. 

(1577.) To the above forty tentacida must be added four others of a 
(litferefit construction, which project immediately beneath the Jiiargin of 
the hood, like antennae, one before and one behind each eye (fig. 284, r) . 
These tentacles would seem at first sight to be constructed upon the 
same principles as the last ; but on examining them attentively, they 
are found to be composed of a number of flattened circular disks ap- 
pended to a lateral stem. Yet even all these organs of touch form but 
a small part of the tactile apparatus of the Nemtilus Pompilius; for the 
mouth, lodged within the oral sheath, is surrounded with a series of 
tcntacula even more numerous than those appended to the exterior of 
the head. Around the circular lip (fig. 289, m) which encloses the beak 
(u, o) are situated four labial j^rocesses {(j i i ) ; each of these j)ro- 
ecsses is pierced by twelve canals, the orifices of which arc disposed in 
a single but rather irregular scries along their anterior margin ; and 
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every one of these canals contains a cirnis or tentacle rather smaller 
than those of the external digitations, although their stnicturc is 
precisely similar {Ji h, h k). These cini, like the former, receive large 


Fig. 201. 



Nerrous system of NavMus Pompilitu (after Owen); « a, 6 6, cut edges of the mantle; 
a, retractile tentacula; A, presumed olfactory organ ; 1, the supraopsophageal ganglion ; 
22, optic ganglia; 3 3, 4 4, subossophageal ganglia; S, «, 7, 8, 9, nerves supplying the retroc- 
Ule tentacula; 10, nerves supplying olfactory organ ; 11, 12, 13, nerves supplying the muscular 
integument ; 14, l.'i, 16, nerves representing the sympathetic system. 

neiTcs, — those supplying the external labial tentacles being derived im- 
mediately from the brain (fig. 291, 6 6), while those distributed to the 
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internal labial tentacles proceed from a largo ganglion (8) that is in 
communication with the oesophageal ring through tlic intervention of a 
considerable nervous trunk (7). 

(1578.) In the Dibranchiate Cophalopods none of the above-described 
cirriferous processes are found to exist ; but there is every evidence that 
the prehensile arms, and most probably the individual suckers appended 
to them, are highly sensitive to tactile impressions. Every one of the 
arms receives a large nerve, derived from the same portion of the 
oesophageal collar as that which gives origin to the tentacular nerves of 
Nautilus, which traverses its whole length, lodged in the same canal as 
the great artery of the limb. During this course the nerve becomes 
slightly dilated at short distances, and gives off from each enlarge- 
ment numerous small nervous twigs which penetrate into the fleshy 
substance of the foot. Immediately after entering the arm and under- 
going the dilatation above alluded to, every nerve furnishes two 
large branches, one from each side, which traverse the fleshy substance 
connecting the bases of the arms, to unite with the nerves of the two 
contiguous arms, so that all the nerves of the feet are connected near 
their origins by a nervous zone*, — an arrangement intended, no doubt, 
to associate the movements of the organs to which these nerves arc 
appropriated. 

(1579.) There is httlo doubt, from the character of the soft and 
papillose membrane which forms a considerable portion of the surface 
of the tongue, that both in the Kautilus and in the Dibranchiate Cepha- 
lopods the sense of taste is sufficiently acute — far superior, indeed, to 
what is enjoyed by any of tho Gastcropod MoUusca, and possibly even 
excelling that conferred upon fishes and others of the lowest Vertebrata 
that obtain their food under circumstances such as render mastication 
impossible, and the perception of savours a superfluous boon. 

(1580.) That the Cephalopoda are provided with a delicate sense of 
smell, and attracted by odorous substances, is a fact established by the 
concurrent testimony of many authors, although in the most highly 
organized genera nothing analogous to an olfactory apparatus has as yet 
been pointed out ; nevertheless, in Nautilus, Professor Owen discovered 
a structure which ho regards, with every show of probability, as being a 
distinct organ of passive smell, exhibiting tho same type of structure 
that is met with in the nose of fishes, and, from the circumstance of its 
being the first appearance of an organ specially appropriated to the per- 
ception of odours, well deserving the attention of tho physiologist. We 
may here premise that tho exercise of this function in creatures con- 
tinually immersed in water must depend upon conditions widely differ- 
ing from those wliich confer the power of smelling upon air-breathing 
animals. In the latter, the odorant particles, wafted by the breeze to a 
distance and drawn in by the breath, are made to pass, by the act of 
* Cuvier, Mdmoire sur la Poulpe, p. 36. 
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inspiration, along the nasal passages, and, being thus examined with a 
minuteness of appreciation proportionate to the extent of the olfactory 
membrane, give intimations of the existence of distant bodies scarcely 
inferior to those olAained from sight and sound. But, in an aquatic 
medium, information derived from tliis sense must be restricted within 
far narrower limits, inasmuch as the dissemination of odoriferous par- 
ticles must necessarily be extremely slow, and the power of perceiving 
their presence comparatively of little importance, seeing that the extent 
to which it can be exercised is so materially circumscribed. Smell, in 
aquatic animals, is therefore apparently reduced to a mere perception of 
the casual qualities of the surrounding element, without any power of 
inhaling odours from a distance. Simple contact between a sufficiently 
extensive sentient surface and the water in which it is immediately 
immersed is all that is requisite in the case before us ; and if an oi gfin 
can be pointed out, constmeted in such a manner as to adapt it to fulfil 
the above intention, there can be little hesitation in assigning to it the 
office of an olfactory apparatus. 

(1581.) In Ncmtllus, the part indicated by Professor Owen‘* as ap- 
propriated to the sense of smell consists of a series of soft membranous 
laminoe (fig. 289, I ; fig. 291, h) compactly arranged in a longitudinal 
direction, and situated at the entry of the mouth, between the internal 
labial processes. These laminm arc twenty in number, and are from 
one to two lines in breadth, and from four to live in length ; but they 
diminish in this respect towards the sides. They are supplied by nerves 
(fig. 291, 10) from the small ganglia (8) which are connected with the 
ventral extremities of the anterior suboesophagoal ganglia, and from 
which the nerves of the internal labial tentacula arc likewise given off. 

(1582.) The stmeture of .the eyes in the two divisions of the Cepha- 
lopoda differs remarkably, and in both is so entirely dissimilar from 
the usual organization met with in other classes of animals, that we 
must invite the special attention of the reader to this portion of their 
economy. 

(158t3.) In the TEiaABRANcniATA, of which the Naudlus is the only 
example hitherto satisfactorily investigated, according to Professor 
Owen^s observations t the eye appears to be reduced to the simplest 
condition that an organ of vision can assume without departing alto- 
gether from the type which prevails throughout the higher classes ; for 
although the light is admitted by a single orifice into a globular cavity, 
or camera ohscuray and a nerve of ample size is appropriated to receive 
the impression, yet the parts which regulate the admission and modify 
the direction of the impinging rays Averc, in the specimen exnmincd, 
entirely deficient. In this structure of the eye, observes Professor 
Owent, the Nautilus approximates the Gasteropods, numerous genera 
of which, and especially the Pectinibranchiata of Cuvier, present ex- 

* Mem. on Nautilus, p.4l. t TjOC. cif. p. 39 ct seq. J Op. cit. p. 51. 
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Jimplcs analogous in simplicity of stnictiirc, and in a pedicellate mode 
of support and attachment to the head. Moreover, as the Pearly 
Nautilus, like the latter group of mollusks, is also attaehed to a heavy 
shell, and participates with them in the deprivation of the ordinar}^ 
locomotive instruments of the Ccphalopods, the anatomist whose re- 
marks we quote hence deduces the more immediate principle of their 
reciprocal infciiority with respect to their visual organ, observing that 
it would little avail an animal to discern distant dbjects when it could 
neither overtake them if necessary for food, nor avoid them if inimical 
to its existence. 

(1584.) The eyes of Nautilus (fig. 284, m) are not contained in 
orbits, but are attached each by a pedicle to the side of the head, im- 
mediately below the posterior lobes of the hood. The ball of the eye 
is about eight linos in diameter ; and although contracted and wrinkled 
in the specimen examined, it appeared to have been naturally of a 
globular form, rather flattened anteriorly. The pupil was a circular 
aperture, less than a line in diameter, situated in the centre of the 
anterior surface of the eye. This small size of the pupil in Nautilus, 
which contrasts so remarkably with the magnitude of that aperture in 
the Dibranchiate Ccphalopods, Professor Owen suggests is most pro- 
bably dependent on the great degree of mobility conferred upon tjjo eye 
of the Nautilus in consequence of its athichmcnt to a muscular pedicle, 
which enables it to bo brought to bear with ease in a variety of direc- 
tions ; whilst in the higher Cephalopoda, corresponding motions of the 
head and body, on account of the more fixed condition of the eye in 
them, would have been perpetually required, had not the range of vision 
been extended to the utmost by enlarging the pupillary aperture. 

(1585.) The principal tunic of the eye is a tough exterior membrane 
or sclerotic (fig. 291), thickest posteriorly, where it is continued from 
the pedicle, and becoming gradually thinner to the margins of the pupil. 
Thp optic nerves, after leaving the optic ganglions (2), traverse the 
centre of the ocular pedicles, and, entering the eye, spread out into a 
tough pulpy mass which extends as far forwards as the semidiameter 
of the globe. This neiTous tissue, as well as the whole interior of the 
cavity, is covered ^rith a black pigment which is apparently interposed 
between the impinging rays of light and the sentient membrane. The 
contents of the eye-ball, of whatever nature they had been, had escaped 
by the pupil. If the eye had ever contained a crystalline lens, that 
body must have been very small ; as otherwise, from the well-known 
effect of ardent spirits in coagulating it, it would liave been readily 
perceived. What adds, however, to the probability of this eye being 
destitute of a crystalline humour is the total absence of ciliary plicro, or 
any structure analogous to them. In some parts of the cavity a mem- 
brane could be distinguished which had enveloped the fluid contents of 
the eye ; but it had entirely disappeared at the pupil, which had in 
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consequence freely admitted the preserving liquid into the interior of 
the globe, 

(1586.) However much is still left to bo ascertained by future ob- 
servations, we learn from the above able exposition of the appearances 
detected on examining the solitary example of a visual organ of this 
description hitherto met with, that the eye of the Nautilus exhibits 
every indication of idferiority of construction when compared with that 
of the Dibranchiate %ibes. Encased in no orbital cavity, and conse- 
quently unprovided with any other muscular apparatus than the fleshy 
pedicle whereby it is connected with the head — ^unprotected by eyelids 
and devoid of lacrymal appendages — without either transparent cornea, 
aqueous humour, iris, or crystalline lens — and, moreover, coated inter- 
nally with a dark pigment, apparently situated in front of the nervous 
expansion which represents the retina, instead of behind it in the usual 
position of the choroid tunic — all these are facts calculated to arrest 
the attention of the physiologist, and excite the surprise of every ob- 
server who studies on a large scale this part of the animal economy. 

(1587.) The eyes of the Dibranchiate Cephalopoda are not less re- 
markable in their construction than those of the Nautilus, and from 
their greater complexity will require a more elaborate description. In 
order +o simplify the details connected ’with this portion of our subject 
as much as possible, wo shall describe separately, as forming distinct 
parts of the ocular apparatus met with in the common Cuttle-fish (Sepia 
officinalis), first, the orbit ; secondly, the globe of the eye ; thirdly, the 
chamber of the optic ganglion ; and fourthly, the muscles of the visual 
organ. 

(1588.) The orbit differs from that of all other classes of animals, 
inasmuch as it is a cavity <;ircurascribed on all sides and covering even 
the front of the eye*. The bottom of the orbital cavity is cartilaginous, 
being partially formed by a process derived from the cranial cartilage ; 
but elsewhere it is made up of the common fleshy integument of the 
body (fig. 292, d d, e ) : becoming gradually attenuated, the skin (b) 
passes over the anterior portion of the eye, where, being transparent (/), 
it represents the cornea, although it has no connexion with the eye-ball 
itself. Beneath the cornea the integument again becomes opake, and 
forms a thickened fold (a), which might bo considered as the rudiment 
of an under eyelid. The orbit therefore forms a complete capsule, en- 
closing the whole of the apparatus of vision. 

(1589.) The globe of the eye fills up the anterior part of the orbital 
chamber, and is remarkable from having no cornea properly so called ; 
so that, on raising the transparent skin (/) which forms the exterior 
wall of the orbit and supplies the place of the cornea, the prominent 

* Descriptive and Illustrated Catalogue of the Physiological Series of Compara- 
tive Anatomy contained in the Museum of the Boyal College of Surgeons of England, 
vol. iii. part 1. pi. 52. 



EYE OF THE CUTTLE-FISH. 

surface of the crystalline lens (o) is found quite naked beneath it, 
neither an aqueous humour, nor an iris properly so called, being pre- 
sent. The outer coat of the eye {g g, %) represents the sclerotic tunic 
in Man : it is tough, fibrous, and of a silvery lustre ; perforated ante- 
riorly by a large round aperture, representing that which contains the 
cornea in the human eye, and pierced posteriorly by numerous foramina, 
through which the multitudinofls branches deriviStl from the optic gan- 
glion (A:) enter. ^ 


Fig. 202. 



-Anatomy of the cy<» of the Cuttle-fish. (After Cuvier.) 


(1500.) The second tunic is usually regarded as the retina^ occupying 
a singular situation and presenting a very anomalous structure. No 
choix)id intervenes between this retina and the sclerotic, as is the case 
in the eye of Man ; but numerous nervous branches given off from the 
optic ganglion (^), having penetrated into the interior of the eye through 
the cribriform sclerotic, immediately expand into a thick nervous mem- 
brane which lines the sclerotic tunic, and is continued forward to a deep 
groove in the substance of the crj^stalline lens, wherein it is implanted, 
so as to form a kind of ciliary zone (m), which is slightly plicated, and 
obviously assists in keeping the lens in situ. 

(1591.) Between the retina and the vitreous humour is interposed a 
thick layer of black pigment, which, being thus strangely situated, has 
very naturally puzzled all physiological inquirers, inasmuch as it would 
apparently form an insurmountable barrier between the rays of light 
and the retinal membrane. The researches of Professor Owen would 
seem, however, to have removed the difficulty presented by this hitherto 
incomprehensible and anomalous arrangement, as ho has succeeded in 
discovering, in addition to the thick post-pigmental nervous expansion, 
a delicate lamella in front of the pigmentum nigrum, correspondent, in 
position at least, with the retina of vertebrate animals. ** In the eyes of 

2q 


504 


CEPHALOPODA. 


different Sepim which wc liad immersed in alcohol preparatory to dis- 
section, we have, however, invaria])ly found, betweem the pigment and 
the hyaloid coat, a distinct layer of opako white pulpy matter, of suffi- 
cient consistence to be detached in large flakes and easily prescTvcd 
and demonstrated in preparations. Wo confess, however, that we can 
discover no connexion between this layer and the thick nervous expan- 
sion behind the pigment ; but nevertheless we cannot but regard it as 
being composed of the fine pulpy matter of the optic nerve, and as con- 
stituting a true prm-pigmental retina*.” 

(1592.) It has been already stated that there are no chambers of 
aqueous humour; and we are but little surprised that, in animals 
destined to see objects contained in water, the existence of a refracting 
medium scarcely at all differing in density from the surrounding element 
should be dispensed with. To compensate, however, for this deficiency, 
the crystalline, as is the case in all the aquatic Vertebrata, is of short 
focus and great power, being, in fact, not merely, as it is generally de- 
scribed, a double convex lens, which is the usual shape of this im- 
portant piece of the optic apparatus, but exhibiting that form of a 
simple magnifier most approved of by opticians as being best adapted to 
ensure a large field of view. Whoever is conversant with the piinciples 
upon which the well-known Coddington lens ” is construct(al, will 
have little difficulty in appreciating the advantages derived by intro- 
ducing a precisely similar instrument in the eye of the Cuttle-fish. The 
Coddington lens is a sphere of glass divided into two portions by a 
deeply- cut circular groove, which is filled up with opake matter. The 
lens of the Cuttle-fish is in like manner divided into two parts of un- 
equal size (fig. 292, o o) by a circular indentation, wherein the post- 
pigmental retina, Avith its’ ooat of dark varnisli is fixed, and thus a 
picture of the most perfect character is ensured. The crystalline pene- 
trates deeply into the vitreous humour ; the latter, enclosed in a deli- 
cate hyaloid racjrabrane, fills up, as in Man, the posterior part of the 
eyeball ; while the small space that intervenes between the posterior 
surface of the crystalline and the back of the ocular chamber suffi- 
ciently attests the shortness of the focus of so powerful a lens. 

(1593.) The posterior portion of the orbital capsule is occupied by a 
large cavity quite distinct from tho globe of the eye, although its walls 
are derivations from the sclerotic tunic, wherein is lodged the great 
ganglion of the optic nerve (A;), imbedded in a mass of soft white sub- 
stance. This supplementary chamber is formed by a separation of the 
sclerotic into two layers, of which one, already described ({), forms the 
posterior boundary of the eyeball, while the other (7i), passing back- 
wards, circumscribes the cavity in question. On entering the compart- 
ment thus formed, the optic nen^e ((/) dilates into a large reniform 
ganglion (^’h almost equal in size to the brain itself; tmd from tho peri- 
* Cyclopicdia of Anatomy and Physiology, art. CEi’iiALoroDA. 
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l)heiy of the optic j^aiiglion arise the numerous nervous filaments \vhi(*h , 
after perforating the posterior part of the globe of the eye, expand into 
the post-pigmental retina. 

(1594.) Between the globe of the eye {g) and the cornea (J) is a 
capacious serous cavity, which extends to a considerable distance to- 


Fig. 20n. 



wards the posterior part of the orbital chamber, and holds the same 
relation to the visual apparatus, and the cavity in which it is lodged, as 
the serous lining of the human pericardium docs to the heart, and the 
fibrous capsule in which that viscus is lodged, — evidently forming an 
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arrangement for facilitating the movements of the eye. The serous 
membrane which linos this cavity, after investing the inner surface of 
the . cornea and the interior of the orbit, is reflected upon the outer 
surface of the sclerotic tunic of the eye, which it likewise covers, and 
moreover, at the front of the eyeball, enters the aperture which in the 
eye of a vertebrate animal would be occupied by the cornea, lines the 
chamber corresponding with that of the aqueous humour, and even 
passes over the anterior surface of the crystalline. This serous mem- 
brane Cuvier, very improperly, named the conjunctiva^^; but, as Pro- 
fessor Owen has suggested ♦, it is evidently rather analogous to the 
membrane of the aqueous humour, here excessively developed in con- 
sequence of the want of a cornea in the sclerotic aperture. This serous 
cavity is not, however, a completely-closed sac, but, as is frequently 
the case with the serous membranes of fishes and reptiles, is in com- 
munication with the surrounding medium, through the intervention of 
a minute orifice visible in the transparent togumentary cornea. 

(1595.J Four muscular slips are appropriated for the movements of 
this remarkable eye, and serve to direct the axis of the organ so as to 
ensure distinct vision ; they arise principally from the orbital prolonga- 
tions of the cranial cartilage, and are inserted into the sclerotic tunic. 

(1596.) It is always interesting to the physiologist to observe tho 
earliest appearance of a new system of organs, and mtness the gradual 
development of additional parts, becoming more and more complicated 
as we advance from humbler to more elevated grades of the animal 
creation. The progressive steps by which the auditory apparatus of the 
Vertebrata attains to that elaborate organization met with in the struc- 
ture of the human ear are not a little curious. In the simplest aquatic 
forms tho central portion' of the internal ear alone exists, imbedded in 
the as yet cartilaginous cranium. Gradually, as in fishes, semicircular 
canals, prolonged from the central part, increase tho auditory surface, 
but still have no communication with tho exterior of the body. In rep- 
tiles and birds, destined to perceive sonorous impressions in an aerial 
medium, a tympanic cavity and drum arc superadded ; and lastly, in 
the Mammiferous orders, external appendages for collecting and con- 
veying sound to the parts within, complete the most complex and per- 
fect form of the acoustic instrument. 

(1597.) As far as is yet known, the Tetrabranchiate Cephalopods have 
no distinct organ of hearing ; but in the Dibranchiata, an car, lodged in 
an internal cranium, for the first time presents itself to our notice, and 
at the same time exhibits the lowest possible condition of a localized 
apparatus adapted to receive sounds. 

(1598.) In the anterior and broadest part of the cartilaginous 
cranium t, where its walls are thickest and most dense, are excavated 

* Cyclopaedia of Anatomy and Physiology, loc. cif. p. 5.52. 

t Cuvier, M6moire sur la Poulpo, p.41. 
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two nearly spherical cavities (fig. 294, d), which in themselves repre- 
sent the osseous labyrinth of the eara. A vesicle or membranous 

Fig. 294. 



4i ‘ ^ ^ 


Bruin and auditory apparatus of the (uttle-ilBh ; o, brain; c, auilitory apparatus; 
d, cavity in Avliich it is lodged ; e^f, g, the eye. 1, 2, 3, otolith. 

sacculus (c), likewise Fig. 29.5. 

nearly of a spherical 
form, is suspended in 
the centre of each of 
these cartilaginous cells 
by a great number of 
filaments, that are pro- 
bably minute vessels. 

The two auditoryiierves 
derived from the ence- 
phalon enter these ca- 
vities through special 
canals ; and each, divi- 
ding into two or three 
branches, spreads out 
over the vesicle to which 
it is destined. The au- 
ditory vesicle itself is 
filled with a transparent 
glairy fluid, and con- 
tains, attached to its 
posterior part, a minute 
otolith (1, 2, 3), of vari- 
able shape in different 
genera, the oscillations 

of which doubtless in- organs of the female Cuttle-fish. (After Cuvier.) 

crease the impulses whereupon the production of sound depends. 
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(159^.) SucL is tLe simplest form of an ear ; and if the reader will 
compare the organ above described with that possessed by the highest 
Articulata, as, for example, the Lobster (§ 1047), the similarity of the 
arrangement will be at once manifest. 

(IGOO.) All the CEPHALOPonA are dioecious ; and the structure of the 
sexual organs both of the males and females is remarkable, inasmuch as 
it is peculiar to the class. 

(1001.) In the females, the ovarian receptacle is lodged at the bottom 
of the visceral sac (fig. 290, jp, </), enclosed in a distinct peritoneal pouch. 
The ovary itself is a large bag, the walls of whicli are tolerably thick ; 
and, on opening it, it is found to contain a bunch of vesicular bodies, 
attached by short vascular 

pedicles to a circumscribed Fig. 29b. 


portion of its internal sur- 
face (fig. 295, a). These 
vesicles, the ovisacs or ca- 
IjjceSj as they are called by 
comparative anatomist8,are, 
in fact, the nidi wherein 
the ova are secreted ; and if 
examped shortlybcforc ovi- 
position commences, evciy 
one of them is seen to con- 
tain an ovum in a more or 
less advanced stage of de- 
velopment. In this condi- 
tion the walls of the ovi- 
sacs arc thick and spongy-; 
and their lining membrane, 
which constitutes the vas- 
cular surface that really 
secretes the egg, presents a 
beautiful reticulate appear- 
ance. 

(1G02.) If the contained 
ova be examined when 



nearly ripe for exclusion, a. Generative organs of the female Cuttle-fish, 

each is found to be com- B. a bunch of eggs. 


posed of a yelk or vitellvs enclosed in a delicate vitelline membrane, and 
covered externally by a thicker investment, the chorion. When the 


ovum has attained complete maturity, the ovisac enclosing it becomes 
gradually thinned by absorption, and ultimately bursts, allowing the 
egg, now complete with the exception of its shell, to escape into the 
general cavity of the ovarium (c). The oviduct {e) communicates im- 
mediately with the interior of the ovarium by a wide orifice, the dimen- 
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sions of which are proportioned to the size of the mature ova. It is 
generally single ; but in some genera, as and the Octo])oda^ the 
canal derived from the ovary soon divides into two (d, e). The walls 
of the ovigeroiis duct are thin and membranous until near the external 
outlet, where they suddenly become thick and glandular, and, in many 
genera, surrounded with a very large laminated gland (f), through the 
centre of which the eggs have to pass before they issue from the body. 
It is tlie gland last men- 
tioned that secretes the ex- Fig. 207. 

ternal horny covering of the 


egg — a defence which seems 
to be deposited in successive 
layers upon the outer surface 
of the previously existing 
chorion, imd, when com- 
2 )lctcd, forms a thick flexible 
case made up of concentric 
himella3 of a dark-coloured 
(iorncous substance. 

(160J3.) After extrusion, 
the ova of the diflerent fa- 
milies of CnriiALoroDA arc; 
found agglutinated and fas- 
tened together into masses 
of very diverse appearance. 
The eggs of the common 
Cuttle-fish, frequently found 
uj)on the shore, are not in- 
aptly compared by those 
ignorant of their real nature 
to a bunch of black grapes, 
to which, indeed, they bear 
no very distant resemblance, 
being generally aggregated 
in largo clusters, and fas- 
tened by long pedicles cither 
to each other or to some 
foreign body (fig. 296). 
The Argonaut carries its 
eggs, which are compara- 
tively of small size, securely 
lodged in the recesses of its 



1. Male organs of the Cuttle-llsh (Srpia officinalis), 
8«*en from bi-fore: a, tuniu ojvveloping tl»> testis; 

6, b<3«Iy of the testicle ; c, convolutions of the vas 
deferens ; e, eoinineneenient of the Needliamian canal ; 
<7, pouch ofJieedhnm. In ttg. 4 the saine parts arc 
represented as 8et*n from heliind, the testicle being 
removed in order to show the commencement of the 
vas deferens. 2 and 3 represent the spemiatophores 
of the same animal, much magnilled : «, the external 
sheath; 6, inner cylinder containing the spermatic 
fluid; c, the ejaculatory apparatus. In flg. 3 the 
siMTuiatophore is shown in the act of discharging its 
contents. 


shell ; while the ova of the Calamary, enctiscd in numerous long gela- 


tinous cylinders that conjointly contain many hundreds of eggs, are 
fixed to various submarine substances, and thus protected from casualties. 
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The fonn and arrangement of these hunches are no doubt dependent 
upon the peculiar character of the terminal gland found in the oviduct 
of the parent, whereby the last covering to the ova is furnished. 

(1G04.) Cuvier remarks that the male Poulpes must be less nume- 
rously met with than tlie female, as among the numerous specimens 
dissected by him scarcely one-lifth were of the former sex. 

(1605.) The various parts of the male generative apparatus are re- 
markably similar, both 
in structure and arrange- 
ment, to the correspond- 
ing portions of the sexual 
organs of the female. 

The testicle strikingly 
resembles the ovary both 
in its outward form and 
internal arrangement : 
like that viscus, it con- 
sists of a capacious mem- 
branous sac (fig. 298, b); 
and on opening this 
there is found, attached 
to a smlll portion of its 
inner surface, a large 
bundle of branched c8Gca 
(rt), in which no doubt 
the seminal fluid is ela- 
borated. These strangely 
disposed seminigerous 
ciuca have apparently no 
proper excretory ducts; 
but the impregnating 
fluid secreted by them 
is, as it would seem, 
poured into the general 
cavity of the sac, exactly in the same manner as the ova in the other 
sex, and, being allowed to escape from this reservoir through a wide 
oiifice (c), it enters the vas deferens. The canal last mentioned {d) is 
long, slender, and very tortuous, but after many convolutions it enters 
a wider canal (e), called by Cuvier vesicida seminalis^ the interior of 
which is divided by imperfect septa ; and, its texture being apparently 
muscular, this part of the excretory apparatus may possibly, by its con- 
tractions, expel the spennatic fluid from the body. On issuing from the 
seminal vesicle, the semen passes the extremity of an oblong gland (/), 
which Cuvier denominates the prostate : its structure is compact and 
granular; and it seems to be destined to furnish some accessory fluid 


Fig. 298. 



Gfnorative organB of the niali* Cuttle-llHh. 
(After Cuvier.) 
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subservient to impregnation. Having passed the prostate, the ejacu- 
latory duct communicates with a large muscular sacculus (^), the con- 
tents of which arc very extraordinary. This sacculus is, in fact, filled 
with innumerable white filaments, each about half an inch in length, 
arranged parallel to each other, and disposed with much regularity. 
There arc three or four rows of them, one above another, entirely 
filling the sac ; and they are maintained in situ by a delicate spiral 
membrane, but are quite unconnected with the sac itself. The fila- 
ments when taken out, even long after the death of the Cephalopod, 
exhibit, when moistened, various contortions, and by some have been 
regarded as Entozoa, 

(1606.) These remarkable spermatic filaments (the famous “ filament 
machines ” of Needham) present, in fact, a very complicated structure. 
Their form varies in different species ; but in their essential composition 
they are all found to consist of a long tubular sheath (fig. 297, 2, 3), 
composed of two membranes, *and enclosing a long tube, convoluted upon 
itself like an intestine, which is filled with an opake white fluid, in which 
are contained millions of zoosperms ; and the apparatus to which it is 
attached anteriorly constitutes an ejaculatory instrument, by the aid of 
which the spermatic secretion is forcibly ejected. These ^‘spermato^ 
phoreSf* as they have been named by Milne-Edwards, serve as vehicles 
for the conveyance of the seminal fluid into the generative sySem of 
the other sex, notwithstanding the absence of any copulatory apparatus. 

(1607.) A most extraordinary modification of the male sexual organs 
is mot with in the males of the Argonaut ^ Tremoctopus, and probably of 
other kindred genera, in which one of the arms is so strangely modified, 
both in its shape and structure, that Cuvier mistook it for a parasite, de- 
scribing it, under the name of Ifectocotgles, as a long, parenchymatous 
worm, compressed at the an- 
terior extremity, where the 
moutli is situated, having 
its inferior surface furnished 
with suckers, from sixty to a 
hundred in number, ari’anged 
in pairs, and furnished with 
a sacculus, situated at the 
posterior extremity of its 
body, which is filled with the 
folds of the oviduct.’^ 

(1608.) The Hectocotglus 
Argonautce* j as this strange 
appendage is still called, is, in 
fact, a portion of the Argonaut itself, developed in a remarkable sac, which 
supplies the place of the left arm of the third pair. The male Argonaut 
* Henri Muller, Ann. des Sc. Nat. 1851. 


Fig. 299. 



1, 2. Male Argonaut, of the natural size, repre- 
sented in front and in profile, showing the sacculus 
in which the Hcctocotylus is contained ; from a 
specimen preserved in spirit. 3. Sacculus, in which 
the Mectocotylus may be distinguished through 
its transparent walls. The specimen from which 
this figure was taken having been preserved in 
spirit, is, of course, contracted in all its dimen- 
sions. 
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(fig. 299, 1, 2) is of very small size jis compared with the female, being not 
more than an inch in length, and has no shell ; moreover tlie ni)p(‘r j)air 
of arms are not, as in the female (fig. 283), expanded into velm, hut are 


Fig. 300. 

i “ 



1. Samilus of Argonaut laid open, showing the abnormal arm {Hectocotyhis) folded up iii 
Us interior; magnified two diameters. 2. A portion of the llectocotyliform arm, still furtlii*r 
magnified: a, the saeeulua laid open; 6, the arm, showing the commencement of the “lush,” 
and also the suckers, nervous ganglia, &c. 

pointed. The sac above alluded to, on being opened, is invariably found 
to contain a solitary Hectocotylus, the dilated portion of wlxich is attached 
at its oase, whilst the rest of this remarkable organ is free and rolled up 
towards that side upon which the suckers are situated ; but as soon as 
the sac is opened, or when it is ruptured by the movements of the con- 
tained Hectocotylus, the latter unfolds itself (fig. 301, a), assuming so 
exactly the appearance of a parasitic animal that the mistake committed 
by Cuvier is by no nieans surprising. The Argonaut itself possesses a 
well-developed testis, according in its structure with that of ordinary 
Cuttle-fishes, and which contains spermatozoids in different stages of 
development ; but its excretory duct terminates in the Hectocotylus, 
which is evidently nothing more than one of the arms of the Argonaut 
thus strangely developed. But, what is stranger still, this arm, arrived 
at maturity, detaches itself from the Argonaut, and from that moment 
enjoys an independent existence. It lives adherent to a female Argonaut, 
which it impregnates by a real coitus ; so that in this respect, as well as 
by its movements, and by the length of its life after its detachment, it 
might be mistaken for a complete male animal. Still it cannot bo re- 
garded as an independent being, seeing that it has no alimentary appa- 
ratus ; neither is it the organ whereby the seminal fluid is produced, but 
simply a vehicle whereby the male secretion is transported. Well 
indeed docs it deserve the epithet bestowed upon it by Cuvier, who, 
ignorant of its real nature, pronounced it “ un ver lien extraordinaire 
(1609.) From the pouch of Needham a short canal leads to the penis 
(/t)» a short, hollow, muscular tube, through which the fecundating fluid 
is expelled. 
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(10 10.) Although we mean to defer any minute accoiuit of the de- 
volojmierit of the embryo In ovo until an examination of the eggs of ovi- 
parous Vcrtchriita shall afford more ample materials for elucidating this 
important subject, it Avill he as well in this place briefly to notice the 
( ondition of tlic young Cephalopods 2)rcvious to their escape from the 


Fig. oOl. 



Tremoctojni^ carina (male), 
showing the Hectocotylus (a) 
in its ordinary position. 


Fig. 302. 



A male Trcmoctopus, seen from 
the ventral aspect. The visceral sac 
has been laid open and the left 
half of the mantle tamed aside, to 
show the branehia and the 0])ening 
of the generative apparatus during 
the expulsion of the spemiatophore. 
a, succuluB containing the Hectoeo- 
tylus*; ft, branehia of the left side, 
witTi its branchial heart, e; d, the 
“bottle,” from which the spermato- 
phore (e) is in progress of expul- 
sion;//, the mantle. 


wlicrcin the first part of their growth is accomplished. Before 
the egg is hatched, the foetal Cuttle-fish already presents all the organs 
essentitil to its supj)ort and preservation : the tentacula upon the head, 
the ('yes, the respiratory apparatus, and even the ink-bag, which in the 
earlier stages ol growth were quite undistinguish able in the germ of 
the future being (fig. 303, 1), slowly make their appearance ; so that be- 
fore birth the little creature presents most of the peculiarities which 
characterize the species to which it belongs. But the most prominent 
feature that strikes the attention of the physiologist is the remarkable 
position of the duct communicating between the yelk of the egg (the 
groat rcseiwolr of nourishment provided by nature for the support of the 
fo'tiis whilst retained in the egg) and the alimentary canal of the as yet 
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imperfect Sepia. This communication, which in vertebrate animals is 
invariably effected through an opening in the walls of the abdomen, 
whereby the vitelline duct penetrates to the alimentary canal, here oc- 

Fig. 



Embryo of Cuttle-llsh. 

cupies a very unusual situation, being inserted into the head, through 
which it penetrates, by an aperture situated in the front of the mouth, 
to the oesophagus, where it terminates (fig. 303, 3 ). 

(1611.) Among the many interesting phenomena presented by the 
Cephalopoda, few are more remarkable than the extraordinary power 
which these animals possess of continually changing their colour in con- 
formity with the varying tints of surrounding objects, affording a means 
of defence almost as efficient for concealment as the ejaculation of their 
inky fluli. It is indeed an extremely beautiful sight to witness the 
flickering hues of one of these animals, that seem to succeed each other 
with astonishing rapidity. In order to explain the cause of this very 
curious faculty, it is only necessary to examine with the microscope a 
portion of integument removed from the living animal, when it becomes 
at once apparent that the coloured layer of the skin is studded with 
innumerable pigment-ceUs • (c7tromafop/rom), filled with colours that 
exactly correspond with the hues of the creature’s body, and which in- 
dividually possess a remarkable power of changing their shape and size, 
and thus modifying, by their contraction and expansion, the coloration 
of the integument*. 

(1612.) Interesting as the subject is, our space will permit us to ad- 
vert but very briefly to the important light which our comparatively 
recently acquired knowledge of the anatomy of the Cephalopod Mollusca 
has thrown upon the history of innumerable races of similarly con- 
structed beings long extinct, the remains of which are extensively 
distributed through a variety of geological strata. The fossil Ammonites 
for example, the nature of which was previously inexplicable, were at 
once rendered intelligible by the discovery and description of the Nau- 

* This wonderful faculty of changing their colours, dependent on a similar organi- 
zation of the rete mttco&um, is possessed by fishes, frogs, and many other animals, as 
may be demonstrated by simply placing a few small trouts, gudgeons, or minnows 
in differently coloured earthen pans filled with clear water ; and the phenomenon is 
rendered still more conspicuous by suddenly transferring them from the lighter to 
the darker coloured vessels, and vice versa. 
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tilus Pominlius, to which in their structure they were evidently nearly 
related. The countless petrified remains known by the names of llamites, 
Lituites, Orthoceratites, Cirthoccratites, and other allied forms arc still 
representatives of the existing Spirula (fig. 304), which, although its 
structure even at the present day is but imperfectly understood, is mani- 
festly a Cuttle-fish provided with a camcrated shell constructed much 
after the same ])lan as that of the Nautilus ; and even the BelemniteSy 
so long a puzzle and a mystery to geologists, when restored by the 
labours of Professor Owen, as represented in fig. 305, unmistakeably 
confesses its relationship to the Cuttle-fishes we have been describing. 


Fig. 304. 



1 Animal of Spirula, 
exhibiting the shell in 
gitu. 2. Transverse 
section, and, 3, lateral 
view of the shell re- 
moved from the body. 


Fig. 305. 



Bclemnite restored : a, ce- 
phalic tentacles ; b, siphon ; 
e, ink-bag; d, e, section of 
shell. The outline exhibits 
the fln-like expansions of the 
intcgiunent. 


(1613.) Leaving the Cephalopod MoUusca, we must bid adieu to the 
fourth grand division of the animal kingdom, and proceed in the next 
chapter to introduce the reader to beings organized according to a dif- 
ferent type, embracing the most highly gifted and intelligent occupants 
of the planet to which we belong. 
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VERTEBRATA. 

(1614.) The fifth division of the animal kingdom is composed of four 
great classes of animals, closely allied to each other in the grand fi'ii- 
tures of their organization, and possessing in common a general tjqie of 
structure clearly recognizable in every member of the extensive series, 
although, of course, modified in accordance with the endless diversity of 
circumstances under which particular races arc destined to exist. The 
immeasurable realms of the ocean, the rivers, lakes, and streams, the 
fens and marshy places of the earth, the frozen precincts of the poles, 
and the torrid regions of the equator, have all appropriate occupants, 
more favoured as regards their capacities for enjoyment, and more largely 
endowed with strength and inteUigonce, than any which have hitherto 
occupied our attention, and gradually rising higher and higher in their 
attributes, until they conduct us at last to Man himself. Fishes, 
restricted by their organization to an aquatic life, are connected by 
amphiolous beings, that present almost imperceptible gradations of 
development, with terrestrial and air-breathing Keptiles : these, pro- 
gressively attaining greater perfection of structure and increased powers, 
slowly conduct us to the active, hot-blooded Birds, fitted by their 
strength, and by the vigour of their movements, to an aerial existenc e. 
From the feathered tribes of Yertebrata, the transition to the still more 
intelligent and highly-endowed Mammalia is effected with equal faci- 
lity ; so that the anatomist finds, to his astonishment, that throughout 
this division of animated nature, composed of creatures widely differing 
among themselves in form and habits, an unbroken scries of beings is 
distinctly traceable. 

(1615.) The first grand character that distinguishes the vertebrate 
classes is the possession of an internal jointed skeleton, which is not, 
as in the preceding classes, extravascular and incapable of increase 
creept by the successive deposition of calcareous laminoc applied to its 
external surface, but endowed with vitality, nourished by blood-vessels 
and supplied with nerves, capable of growth, and undergoing a per- 
petual renovation by tho removal and replacement of the substances 
that enter into its composition. 

(1616.) In the lowest tribes of aquatic Yertebrata the texture of the 
internal framework of the body is permanently cartilaginous, and it 
continues through life in a flexible and consequently feeble condition ; 
but as greater strength becomes needful, in order to sustain more active 
and forcible movements, calcareous particles are found to be deposited 
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in tliG interstices of the cartilaginous substance, and, in proportion as 
those accumulate, additional firmness is bestowed upon the skeleton, 
until at length it assumes hardness and solidity proportioned to the 
quantity of the contained earthy matter, and becomes converted into 
perfect bone. 

(1()17.) Phenomena precisely similar are observable in tracing the 
formation and development of the osseous system, even in those genera 
possessed, when arrived at maturity, of the most completely organized 
skeletons. 

(1018.) In the very young animal the bones consist exclusively of 
cartilage; but as growth proceeds, earth becomes deposited by tlu' 
blood-vessels in the as yet soft and flexible pieces of the skeleton, until 
by degrees they acquire density and strength as the animal advances 
towards its adult condition. 

(1610.) The complete skeleton of a vertebrate animal may be con- 
sidered as being composed of several sets of bones employed for very 
different purposes, — consisting of a central portion, the basis and sup- 
port of the rest, and of various appendages derived from or connected 
with the central part. The centre of the whole osseous fabric is gene- 
rally made up of a series of distinct pieces arranged along the axis of 
the body ; and this part of the skeleton is invariably present ; Jjut the 
superadded appendages, being employed in different animals for various 
and distinct purposes, present the greatest possible diversity of form, 
and arc many of them wanting in any given genus ; so that a really 
complete skeleton, that is, a skeleton made up of all the pieces or ele- 
ments which might, philosophically speaking, enter into its composition, 
docs not exist in nature, inasmuch as it is owing to the deficiency of 
some portions and the development of othcra in particular races that 
wo must ascribe all the endless diversity of form and mechanism so 
consi)icuously met with in this division of the animal world. 

(1020.) Nevertheless, although there is no such a thing in creation 
as a fully-developed skeleton, it will bo necessary, in order to prepare 
the student for the contemplation of the numerous modifications met with 
in this portion of the animal economy, hereafter to be described, briefly 
to enumerate the component parts which might theoretically be supposed 
to enter into tlie construction of the framework of an animal ; and thus 
by comparison he will bo enabled, as we proceed, to appreciate more 
readily the variations from a general tjqjc apparent throughout the 
vertebrate classes. It may likewe be os well thus early to caution 
the anatomist who has confined his studies to the contemplation of the 
human body, against taking the skeleton of Man as a standard whereby 
to direct his judgment ; for Marty so highly raised by his intelligence 
and mental powers above all other beings, is, so to speak, a monstrosity 
in the creation ; and, so far from finding in the human frame the means 
of elucidating the laws of animal organization, it is found to have been 
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"constmoted upon principles the most aberrant and remote from those 
which an extensive investigation of the lower animals has revealed to 
the physiologist. 

(1621.) A skeleton, described generally, is made up of the following 
portions : first, of a chain of bones, placed in a longitudinal series along 
the mesial line of the back, and more or less firmly articulated with 
each other, so as to permit certain degrees of flexure. These bones, 
examined individually, present various additional parts destined to very 
different ends : some defend the central axis of the nervous system from 
external violence ; others, when present, guard and enclose the main 
blood-vessels ; and the rest, acting as prominent levers, either serve to 
give insertion to the muscles which move the spine, or afford additional 
security to the articulations between the vertebral pieces. Those ver- 
tebra) which defend the posterior portions of the nervous axis, usually 
called the spinal cord^ constitute the spine ; while those enclosing the 
anterior extremity of the nervous axis, which, for reasons hereafter to be 
explained, becomes dilated into large masses forming collectively brain, 
are by the human anatomist distinguished as the cranium or skull. 

(1622.) Secondly, we find appended to the cranial or cephalic portion 
of the spine, a set of bones disposed symmetrically, and forming the 
framework of the face ; these bones, it is true, have by many Continental 
writers been regarded as constituting additional vertebra), the parts of 
which arc still recognizable, although amazingly modified in shape, so 
as to enclose the different cavities wherein the senses of vision and smell, 
as well as the organs of mastication, are situated. We shall not, how- 
ever, waste the time of the student by considering in this place the as 
yet unsettled and vague opinions of transcendental anatomists upon this 
subject ; it is sufficient fop our purpose merely to indicate the facial 
bones as appendages to the cranial vertebrsc, avoiding for the present 
further discussion concerning them. 

(1623.) Another most important addition to the central axis of the 
skeleton is obtained by the provision of lateral prolongations, derived 
from the transverse processes of the vertebra), which form a series of 
arches largely developed at certain points, so as more or less completely 
to embrace the principal viscera, and give extensive attachment to 
mascles serving for the movements of the body. 

(1624.) The first set of arches is appended to the lateral portions of 
the cranial vertebrae, and the bones thus derived enter largely into the 
composition of the respiratory apparatus. In Man this important por- 
tion of the skeleton is reduced to a mere rudiment, distinguished by the 
name of the os hy aides ; and in the human subject its relations and con- 
nexions with the surrounding parts are so obscurely visible, that the 
student is scarcely prepared to witness the magnitude and importance of 
the hyoid framework in other classes, or the amazing metamorphoses 
which, as we shall afterwards see, it undergoes. 
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(1626.) Behind the hyoid apparatus, other arches are attached to the 
transverse processes of the spinal vertebrae, called ribs ; and the study 
of these appendages to the spine is one of the most interesting points 
in the whole range of osteology. In Fishes, wherein respiration is 
effected entirely by the movements of largely-developed hyoid bones, 
the ribs are mere immoveable derivations from the transverse processes of 
the vertebrae, and serve exclusively for the attachment of muscles. In 
Eeptilos, respiration is still accomplished by the os hyoides ; and the 
ribs, thus performing a secondary office, become convertible to different 
uses, and assume various forms and proportioni^. In the Amphibious 
Eeptiles, the most nearly approximated to Fishes, they either do not 
exist at all, as being needed neither for respiration nor locomotion, or 
they are represented by minute and almost imperceptible rudiments 
appended to the extremities of the transverse processes of the vertebrae. 
In Serpents, the ribs are wanted for locomotion, and arc accordingly 
developed from the head nearly to the tad, forming a series of strong 
arches, articulated at one extremity with the vertebral column by a very 
complete joint, but at the opposite extremity they are loose and imcon- 
nocted. In proportion, however, as the hyoid bones, with the larynx, 
of which they form an important part, become converted into a vocal 
apparatus (as they gradually do), the ribs, assuming more complete de- 
velopment in a certain region of the spine, and being augmented by tho 
addition of a sternal apparatus, form a complete thoracic cavity, and 
thus become the basis of those movements of the body which in hot- 
blooded animals are subservient to respiration. 

(1626.) Tho next additions required to complete the skeleton arc two 
pairs of locomotive limbs, representing tho legs and arms of Man. In- 
finitely diversified as are these members both in form and office, they are, 
when philosophically considered, found to be constructed after the same 
typo. Both the anterior and posterior limbs, when fully organized, 
consist of similar parts, most of which are met with in the limbs of the 
human skeleton. Three bones constitute the shoulder, called respect- 
ively tho scapula^ the clavicle, and the coracoid hone. Throe bones in 
like manner sustain the hinder extremity — tho ilium, the ischium, and 
the pubis ; and these evidently represent individually tho corresponding 
pieces found in tho shoulder, but differently named. The formation of 
the limbs is likewise strictly parallel ; a single bone articulates with the 
osseous framework of tho shoulder, or of tlie hip, called in one case the 
humerus, in the other tho femur ; two bones form tho arm — the radius 
and idna ; and two likewise enter into the composition of the leg — tho 
tibia and Jilnda. The hand and foot are each supported by a double 
scries of small bones, forming tho carpus of the one, and the tarsus of 
the other ; and in like manner consist of similar pieces, five in number, 
called the metacarpal or metatarsal bones, and of the phalanges, or 
joints of tho fingers and toes. 
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(1627.) A perfect or typical skeleton must then'forc bo supposed to 
consist of all the before-named portions: namely, 1, the cranial and 
spinal vertebrae ; 2, the face ; 3, an elaborately-formed hyoid frame- 
work ; 4, the ribs ; 5, a sternal system of bones, constituting, in con- 
junction with some of the ribs, a thorax ; and 6, of four locomotivci 
extremities, made up of the pai'ts above enumerated as entering into 
their composition. Seldom, indeed, is it that the student will find (‘ven 
the majority of these portions of the osseous apparatus coexistent in tlui 
same skeleton ; but, whatever forms of animals may hereafter present 
themselves for investigation, let the above description he taken as a 
general standard of comparison, and let all variations from it bo con- 
sidered as modifications of one grand and general type. 

(1628.) We must, however, proceed one^step further in this our pre- 
paratory analysis of the skeleton, and, instead of regarding the indi- 
vidual pieces of the osseous framework of an adult animal as so many 
simple bones, be prepared to find them resolvable into several distinct 
parts or elements y all or only a part of which may be developed in any 
given portion of the osseous system. 

(1629.) In order to simplify as much as possible this important sub- 
ject, we will select, first, what is generally considered as a single bone — 
one of the most complex vertebrae of a Fish for instance — and examine its 
real coiposition. 

(1630.) This bone (fig. 306, a) is found to consist of a central por- 
tion (a), and of sundry p. ^ 

processes derived there- b a 


from, some of which the 
younger student of human 
anatomy would at once 
bo able to call by their 
appropriate names. To 
the body of the bone (a) he 
finds appended the arch 
(h) which encloses the 
spinal cord, surmounted 
hy its spinous process (c), 
and with equal facility 
he recognizes in the la- 



teral processes (d d) the 
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analogues of the transverse processes of the human spine ; but here his 
knowledge fails him, inasmuch as lie finds another arch {e) formed 
beneath the body of the bone, and moreover an inferior spinous process 
{g), neither of which have any representatives in the human body. 

(1631.) It is evident, therefore, that the human vertebra) are imper- 
fectly-developed bones, and do not possess all the parts or elements 
jnet with in the corresponding portion of the skeleton of a Fish. 
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(1032.) The question^ therefore, to be solved is this — how many 
elements exist in the most perfect vertebra known ? and this being once 
satisfactorily settled, it is easy to detect the deficiencies of such as aro 
less comifietcly developed. 

(1033.) Taking the example above given as a specimen of a fully- 
formed vertebra, it has been found to be divisible into the following 
pieces, all or only a part of which may be present in other vertebra; 
even belonging to the same skeleton ; and these parts are represented 
detached from each other in the diagram which accompanies the figure 
(fig. 300, b). They are, 1st, the centre or body of the bone ; 2ndly, two 
elements (6 6), which embrace the spinal marrow ; 3rdly, the superior 
process (c) ; 4thly, the two transverse processes {d) ; 5thly, two ele- 
ments forming the inferior argh, and enclosing the principal blood-vessels 
(e) ; and Othly, an inferior spinous process {g), 

(1634.) With this key before us, we aro able with the utmost ease to 
comprehend the structure of any form of vertebra that may offer itself. 
Thus, in different regions of the back of the same Fish, the composition 
of the vertebrae is totally different : near the tail the vertebras consist of 
the body (a), the superior arch (i) and spinous process (c), and the in- 
ferior arch {e) and spinous process (g). In the neighbourhood of the 
head, however, neither the inferior arch nor spinous process are at all 
developed; but the transverse processes, which were deficient^in the 
former case, are here of great size and strength. It is obvious, there- 
fore, that the form of a vertebra may be modified to any extent by the 
simple arrest of the development of certain elements and the dispropor- 
tionate expansion of others, until at length it becomes scarcely recog- 
nizable as constituting the same piece of the skeleton. 

(1635.) Who would be prepared to expect, for example, that the 
occipital bone of the human head was merely a modification of a few of 
the elements of the Fish’s vertebra above described enormously expanded, 
in order to become adapted to altered circumstances ? And yet, how 
simple is the transition ! By removing the inferior arch (e) and spinous 
process (p), and slightly reducing the proportionate length of the trans- 
verse processes (c?), we arrive at the form of a human vertebra, which 
exhibits precisely similar elements. Enlarge the arches (h h) that sur- 
round the spinal axis of the nervous system, increase the size of the 
superior spinous element (c), and we have the occipital bone of a Fish ; 
and from hence, through a few intermediate links, we arrive almost im- 
perceptibly at the occipital bone of the human cranium, — the main dif- 
ferences being that the body is in Man divided into two lateral halves, 
while the superior arches (6) become spread out so as adequately to 
defend the prodigioTisly-dcvelopcd masses of the brain, to which in the 
human body they correspond. 

(1636.) One other illustration of this interesting subject. What 
bones compose a completely-formed thorax ? In Man we find, as every 
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tyro knows, Ist, the dorsal vertebra^ ; 2ndly, the ribs, with their carti- 
lages ; and 3rdly, the sternum. But it is not in Man that wo must 
expect a perfectly-developed thoracic framework ; it is in the Birds, which 
are destined to rise in the air by the assistance of their proportionat('ly- 
powerful thoracic extremities. If, therefore, we examine the thorax of 
a Bird, we find it composed of pieces which in Man are absolutely 
wanting : we see, 1st, the vertebrae ; 2ndly, the dorsal ribs, firmly arti- 
culated on each side both with their bodies and transverse processes ; 
3rdly, the sternal ribs, extending from the ribs last mentioned to the 
sternum; and lastly, the sternum, composed, as we shall afterwards 
see, of various elements not found in the human body. If wo 
prosecute our survey a little further, we shall find this portion of the 
skeleton offering the greatest possible vari^y as regards the presence or 
absence of the elements above enumerated : thus, in the Frog we have 
vertebrm and sternum^ but no ribs ; in the Serpent, vertebrae and dorsal 
ribs, but no sternum* or sternal ribs ; in Man the sternal ribs are repre- 
sented by the costal cartilages ; and thus a thorax of every required 
description is constructed by adding or taking away, expanding or con- 
tracting certain elements, aU of which a typical skeleton might be sup- 
posed to contain developed in a medium condition. 

‘ (1637.) Comparison of the skeleton of a Fish with those of the higher 
animalS demonstrates that the natural arrangement of the parts of the 
endoskeleton is in a series of segments succeeding each other in the axis 
of the body. These segments are not, indeed, composed of the same 
number of bones in any class, or throughout any individual animal ; 
but certain parts of each segment do maintain such constancy in their 
existence, relation, position, and offices, as to enforce the conviction 
that they are homologous parts, both in the constituent series of the 
same individual skeleton, and throughout the scries of vertebrate animals. 
Each of these primary segments of the skeleton is designated a “ ver- 
tebra,” but with as little reference to the primary signification of the 
word as when the comparative anatomist speaks of a sacral vertebra. 
A vertebra is defined by Professor Owen as “ one of those segments of the 
eindoslceleton which constitute the aans of the body and the protecting 
canals of the 'nervous and vascular trunks ; ” such a segment may also 
support diverging appendages. 

(1638.) A vertebra consists, in its typical completeness, of the ele- 
ments or parts represented in the following diagram : — 
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Fig. 307. 


Zygapophysis. 


Diapophygia. 
Pkurapophysis. — 
Parapophysifl. 


£ 


Neural spine. 

Neurapophysis. 



Zygapophyfit, 




«» Heemapophysis. 


Haemal spine. 


(1639.) The names in the above diagram printed in Roman type 
signify those parts which, being usually developed from distinct and in- 
dependent centres, have been named autogenous elements. The italics 
denote the parts more properly called processes, which shoot out as con- 
tinuations from some of the preceding elements, and arc termed exogenous, 
(1640.) The autogenous elements generally circumscribe about 
the centrum, which in the chain of vertebrae form canals. Ao most 
constant and extensive canal is that formed above the centrum (fig. 307) 
for the lodgment of the main trunk of the nervous system (neural axis) 
by the elements thence termed luurapopliyses. The second canal, below 
the oentrum (fig. 307), is in its entire extent more irregular and inter- 
rupted ; it lodges the central organ and large trunks of the vascular 
system (haemal axis), and is usually formed by the lamhue which arc 
therefore called lidenuipophiises. At the sides of the centrum, most com- 
monly in the cervical region, a canal is circumscribed by the pleurapo-- 
j)h}jsis, or costal process, by the parajyophysisy or lower transverse pro- 
cess, and by the diapophgsis, or upper transverse process, which canal 
includes a vessel, and often also a nerve, 

(16*41.) TJius, a typical or perfect vertebra, with all its elements, pre- 
sents four canals or perforations around a common centre ; such a ver- 
tebra wo find in the thorax of Man, and most of the higher classes of 
vertebrates, also in the neck of many birds. In the tails of most reptiles 
and mammals the inferior are articulated or anchylosed to the under 
part of the central elements, space being needed there only for the caudal 
artery and vein. But where the central organ of the circulation has to 
be lodged, an expansion of the haemal arch takes place, constituting a 
thorax. Accordingly, in order to construct the thoracic cavity, the 
pleurapophyscs (fig. 307) are much elongated, and the hajmapophyses 
(fig. 307) arc removed from the centrum, and are articulated to the distal 
ends of the pleurapophyses, the bony hoop being completed by the inter- 



VERTEBRATA. 


GH 

calation of the haemal spine (fig. 307) between tlic ends of the hoeniapo- 
physes. And this spine is here sometimes as widely expanded (in the 
thorax of Birds and Chelonians for example) as is the neural spine 
(parietal hone or hones) of the middle cranial vertebi’a of Mammals. In 
both eases also it may be developed from two lateral halves ; and a bony 
intermuscular crest may be extended from the mid-line, as in the skull 
of the Hyena and the breast-bone of Birds. 

(1642.) The ossified parts of the abdominal vertebrm of osseous 
Pishes answer to the centrum, the ncurapophyses, the neural spine, the 
parapophyses, the pleurapophyses, and certain appendages to be here- 
after noticed. 

(1643.) In the air-breathing Vertebrata, in which the heart and 
breathing-organs are transferred backwards to the trunk, the corre- 
sponding osseous segments of the skeleton are in most insta’hces de- 
veloped in their typical completeness, in order to encompass and protect 
those organs. The thoracic haemapophyses in the Crocodiles are par- 
tially ossified, and in Birds completely so, in which class the haemal 
spines of the thorax coalesce together, become much expanded laterally, 
and usually developo a median crest downwards, to increase the sur- 
face of attachment for the great muscles of flight. This speciality is 
indicated by the name ** sternum,” applied to the confluent elements in 
questiofc. 

(1644.) The typical thoracic vertehrm in Birds support diverging ap~ 
pendageSj either anchylosed, as in most, or articulated, as in the Penguin 
and Apteryx, to the posterior border of the plcurapophysis. The func- 
tion of such appendages in this form of typical vertebra is to connect 
one haemal arch with the next in succession, so as to associate the two in 
action, and to give firmness and strength to the whole thoracic frame. 

(1645.) The diverging appendages are, as might be expected, of all the 
elements of the vertebral segment, the least constant in regard to their 
existence, and the subjects of the greatest amount and variety of modi- 
fication. Simple, slender spines or styles inEishes (fig. 311, 13) — simple 
plates retaining long their cartilaginous condition in Crocodiles — short, 
flat, slightly-curved pieces in most Birds, — such, with one exception, is 
the range of the variety of form to which these parts arc subject in the 
segments of the trunk. But that exception is a remarkable one, inas- 
much as we are enabled to trace the diverging appendage of that ver- 
tebral segment of the body, which from its form and character consti- 
tutes the pelvic arch, through various progressive phases of development 
— from that of a simple, articulated, solitary ray, such as exists in the 
Lepidosiren, through innumerable modifications, whereby it is adapted 
for swimming, steering, balancing, and anchoring — for exploration, for 
burrowing, creeping, walking, and running — for leaping, seizing, climb- 
ing, or sustaining erect the entire frame of the animal — ^under the 
general appellation of the posterior or pelvic limb. 
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(1040.) Any given appendage, however, as Professor Owen* justly 
observes, might have been the seat of such do'^lopmonts as convert that 
of the pelvic arch into a locomotive limb ; and the true insight into the 
general homob^gy of limbs enables us to point out many potential pairs 
in the typical cndoskeleton. The possible and conceivable modifications 
of the vertebrate archetype are far from having been exhausted in the 
forms that have hitherto been recognized, from the primaeval fishes of 
tlu^ palmozoic ocean of this planet up to the present time ; or, in other 
words, it would be by no means contrary to the general laws of 
osteogenic development, however different from the ordinary course of 
nature, were vertebrate animals to occur possessed of more than the two 
pairs of locomotive extremities usually conferred ; so that such beings 
as hippogriffs and other winged quadrupeds, however fabulous, would be 
by no means monstrous productions. 

(1647.) As the segments approach the tail in the air-breathing verte- 
brates, they arc usually progressively simplified, first by the diminution, 
coalescence, and final loss of the pleurapophysis, next by the similar 
diminution and final removal of the haemal and neural arches, and some- 
times also by the coalescence of the remaining central elements, either 
into a long osseous stylo, as in the Frogs (fig. 333), or into a shorter 
flattened disk, as in many Birds. In Fishes, however, the seat of the 
terminal degradation of the vertebral column is first and chief^ in the 
central elements, which in the Homocercals, L e. in those genera which, 
like the Perch (fig. 311), have a symmetrical bilobed tail, are commonly 
blended together, and shortened by absorption, whilst both neural and 
hajinal arches remain with increased vortical extent, and indicate tho 
number of tho metamorphosed or obliterated centrums. 

(1648.) The anterior vertebra) of the ppinal series are modified in 
their form and dimensions in proportion to the increased development of 
the anterior part of the cercbro-spinal axis, and that to such an extent, 
more especially in the mammiferous races, that their real nature and 
character are completely masked from ordinary observation, neverthe- 
less guided by the principles above laid down, that the bones of the 
cranial portion of the spinal column conform in their essential arrange- 
ment with what has been observed in the rest of the vertebral series, 
and that the skull is in reality made up of the same elemental parts, 
modified, it is true, to a very remarkable extent, yet still recognizable, in 
accordance with just principles of philosophical induction, as the homo- 
logues of those described above. 

(1649.) The cranial bones, when examined by any unprejudiced ob- 
server, readily resolve themselves into four distinct vertebrae, which 
may be named, reckoning them from behind forwards, the — 

* “ On the Archetype and Homologies of the Vertebrate Skeleton.” London : 
John Van Voorst. 
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Occipital, or Eponccphalic ; 

Pa^etal, or Mesencephalic ; 

Frontal, or Prosence])lialic 
Nasal, or Ithinenccphalici. 

(1650.) The Occipital Vertebra, in the higher vertebrates, is repre- 
sented by the occipital bone, in wliich all the vertebral elements are 
consolidated into one piece ; in the Reptilia, however, it is by no nu'ans 
difficult to identify the several parts which enter into its composition. 
They are as follows ; — 

Centrum Basioccipital .... 5* 

Neurapophyscs . . . Exoccipital .... 9 

Spine Supraoccipital ... 8 

Pleurapophyscs . . . Paroccipital . . . .10 

The composition of the Parietal Vertebra is — 


Parietal centrum . . Basisphenoid .... 0 

Neurapophyscs . . . AJisphenoid. 

Spine Parietal 7 

Pleurapophyscs . . . Mastoid 12 


The Frontal Vertebra consists of — 

Frontal centrum . . / Pr<«plienoid and 
( Entosphenoid. 

Neurapophyses . . . Orbitosphenoid ... 14 


Spine Frontal 1 

Pleurapophyscs . . . Postfrontal .... 4 

The Nasal Vertebra is composed of — 

Nasal centrum . ^ . . Vomer 16 

Neurapophyses . . . Prefrontal .... 2 

Spine Nasal 20 


(1651.) Thus far we are enabled to identify the cranial bones as 
being modified representatives of the spinal column, by allowing for 
that increased development of the neural elements here rendered neces- 
sary by the inordinate magnitude of tho ganglionic centres of the cerebro- 
spinal axis ; but when wo come to turn our attention to the constitution 
of the other portions of the chain, representing the lateral and inferior 
arches, or, in other words, the parapophysial and the hajmapophysial 
elements, together with the diverging appendages derived therefrom, tho 
task becomes much more difficult. The labours of Professor Owen upon 
this interesting subject, unparalleled for depth of research, and exhibit- 
ing a grasp of philosophical argument rarely to be met with, have, how- 
ever, satisfactorily revealed their real nature, and established beyond a 

* Those numbers correspond with those that indicate the individual bones of the 
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doubt the alliances which exist between the elaborate structure's in 
question, and the arelies which exist under simpler conditions appe'iidcd 
to the vertebral segments of the trunk. 

(1052.) From an extended survey of the organization of the skc'leton 
tliroughout the vertebrate series, it is easy to perceive that, ho^vcver 
diversified in adaptation to external circumstances, there is a geiiei’al 
agreement between the various parts of the osseous framework, suflicient 
to convince us that all have been constructed in accordance with an 
ideal plan or archetype, from which i^ea, as i'lato expresses it, the 
Creator has not deviated since the earliest appearance of the palaeozoic 
races of Yertehrata up to the present period ; and this archctyj)e ” 
Professor Owen has illustrated by the diagram in the preceding p.ige. 

(1(153.) The nervous system of the Vertebuata is by far more complex 
and elaborately organized than that of any of the four preceding divi- 
sions of the animal world, and consists, in fact, of several distinct systems, 
differently disposed, and appropriated to different offices. Certain largely- 
developed ganglia, situated in the cavity of the cranium, generally con- 
sidered by themselves on account of their disproportionate size when 
compared with the other nervous centres, are commonly grouped toge- 
ther under one common designation, and form what is called the ftram, 
or encgihalon ; these masses, however, as we shall hereafter see, preside 
over various and widcly-different functions, and with them perception, 
volition, and intelligence are essentially connected. 

(1654.) Continued from the hrain, and lodged in a canal formed by 
the superior arches of the vertebral column, is a long chain of ganglionic 
centres, so intimately united that they appear confused into a long me- 
dullary cord, usually denominated the spinal marrow (medulla spinalis), 

(1655.) The spinal medulla in reality consists of two double series or 
columnsj composed of symmetrical and parallel ganglia, — one pair of 
columns, the anterior, presiding over those muscular movements which 
are under the control of the will, while the posterior arc destined to re- 
ceive impressions derived from the exterior of the body; these columns, 
therefore, are denominated respectively the motor and sensitive tracts of 
the spinal cord. 

(1656.) From the lateral aspects of the medulla spinalis are derived, 
at intervals, symmetrical pairs of nerves, which escape from the spinal 
canal by appropriate orifices situated between the different bones of the 
vertebral column, and are distributed to the voluntary muscles and in- 
tegument of the two sides of the body. 

(1657.) The spinal nerves, however, are not so simple in their com- 
position as they were considered to be by the older anatomists ; each of 
them has, in fact, been found to arise from the spinal cord by two distinct 
roots, one derived from the anterior, the other from the posterior column 
of the corresponding side ; so that each nerve is evidently made up of 
two distinct sets of filaments, one set communicating with the motor. 
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the otli(‘r with tlio sensitive tracts ; and thus every neiTo derived from 
the spinal cord is a compound structure, being composed of filaments 
distinct in office, although enclosed in the same sheath, some being con- 
nected with the muscular movements, the others with sensation. But 
in addition to th(^ cercbro-spinal ganglia and the symmetrically-arranged 
nerves emanating therefrom, that are distributed to the organs of sensa- 
tion and movement, there exists in the Vekteiikata a distinct system of 
nervous centres lodged among the viscera, appropriated to the perform- 
ance of tlie automatic functions, and presiding over those involuntary 
movements of the body upon which depend the operations connected 
with nutrition. These ganglia arc variously distributed, being situated 
in the head, the neck, the thorax, and the abdomen ; and from them 
arise large plexuses of nerves, destined to supply the organs belonging 
to digestion, cinadation, and secretion, — thus forming extensive ramifi- 
cations, formerly distinguished by the name of the sympathetic nerve, 
hut now more properly considered as a distinct system presiding over 
oryanic life, as the former is connected with the phenomena of animal 
life. 

(1058.) With the increased development of the nervous system in 
the vertebrate classes we find the organs of the senses assume a pro- 
portionate perfection of structiu’o and regularity of arrangement.^ The 
auditory apparatus, of which we have seen only rudiments in the lower 
animals, gradually becomes more and more elaborately organized. The 
eyes, now invariably two in number, are lodged in cavities formed for 
their reception by the osseous framework of the face, and exhibit, in 
the simplicity of their structure, a higher type of organization than any 
we have hitherto examined. Organs of smell, also double, but of very 
variable construction, are likewise constantly present. The tongue be- 
comes slowly adapted to appreciate and discriminate savours ; and the 
sense of touch, the most generally diffused of all, is especially conferred 
upon organs of different kinds peculiarly adapted to exercise this faculty. 
Thus with increased intelligence higher capabilities of enjoyment are 
allotted, and sagacity dcvelopes itself in proportion as the nervous centres 
expand. But there are minor points, characteristic of the vertebrate 
division of the aninuii world, which must not be omitted in this pre- 
paratory survey of their organization. Their organs of digestion and 
nutrition are constructed according to a different type, and upon a more 
enlarged plan than in any of the classes enumerated in the preceding 
chapters ; and parts are superadded to the digestive apparatus which in 
lower tribes had no existence. In addition to the usual subsidiaryglands, 
namely, the salivary and the hepatic, a third secretion is poured into 
the intestine along with the bile, derived from the pancreas, a viscus 
which we have not as yet met with. Throughout all the Mollusca we 
have found the bile secreted by the liver to be separated from arterial 
blood, as are the other secretions of the body ; but in the Yertebkata 
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it is from venous blood that the bile is formed, and in consociucncc an 
elaborate system of vessels is provided, distinct from the general eireula- 
tion, by wliich a large supply of deoxygenized blood is conveyed to and 
distributed through the liver, constituting what is termed by anatomists 
the system of the vaia portae i nay, more, in connexion with this 
arrangement we find another remarkable viscus make its appearance, 
the spleen^ from which venous blood is copiously supplied to the portal 
vein, and added to that derived from other sources. 

(1659.) A stiU more important and interesting circiimstanoe, which 
strikes the anatomist on comparing the Vertebkata with lower forms 
of existence, is the sudden appearance of an cntii’oly now system of 
vessels, destined to absorb from the intestines the nutritious products 
of the digestive process, and to convey them, as well as fluids derived 
from other parts of the body, directly into the veins, there to be mixed 
with the mass of the circulating blood. These vessels, of which no 
traces have been detected in any of the Inyrutebiiata, are called ///»*- 
pliatlcs and lacteals ; but their stnicture and distribution will occupy 
our attention hereafter. 

(1060.) The blood of all the Veetebrata is red, and is composed of 
microscopic globules of variable form and dimensions in different animals. 
In the class of Fishes, owing to the as yet impeifcct condition of the 
respi^tory apparatus, the temperature of the body is scarcely higher 
than that of the surrounding medium ; and even in lleptiles such is 
the languid condition of the circulation, and the incomplete manner in 
which the blood is exposed to the renovating influence of the oxygen 
derived from the atmosidiere, that the standard of animal heat is still 
extremely low. But in the higher classes, the Birds and Mammalia, 
owing to the total separatipn of the systemic and pulmonary circulation, 
the effect of respiration is increased to the utmost ; and, pure arterial 
blood being thus abundantly distributed through all parts, heat is more 
rapidly generated, the warmth of the body becomes considerably in- 
creased, and such animals are permanently maintained at an invariable 
temperature, considerably higher than that of the medium in which they 
live. Hence the distinction generally made between the hot-blooded 
and cold-blooded Yertebrata. 

(1661.) The variations in the temperature of the blood, above alluded 
to, are, moreover, the cause of other important differences observable in 
the clothing, habits, and instincts of these creatures. To retain a high 
degree of animal heat necessarily requires a warm and thick covering of 
some non-conducting material ; and consequently in the hair, wool, and 
feathers of the warm-blooded tribes we at once recognize the provision 
made by Nature for preventing an undue expenditure of the caloric gene- 
rated in the body. Such investments, however, would be ill adapted to 
the inhabitants of a watery medium ; and consequently the fish, destined 
to an aquatic life, and the amphibious reptile, doomed to frequent the 
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mud and slime upon the shores, are deprived of such incumbrances, and 
clothed in a seal}' or slippery covering more fitted to their habits, and 
equally in accordance with the diminished temperature of their blood. 

(1062.) Still more remarkable is the effect of a mere exaltation of 
animal licat upon the instincts and affections of the different races of 
the Vertetuiata. The fishes, absolutely unable to assist in the matura- 
tion of their offsjiring, are content to cast their spawn into the water, 
and remain utterly careless of the progeny to be derived from it. The 
reptile, equally incapable of appreciating the pleasures connected with 
matenial care, is ciontent to leave her eggs exposed to the genial warmth 
of the sun until the included young escape. But no sooner does the 
vital heat of the parent become sufficient for the purposes designed by 
Nature, than all the sympathies of parental fondness become developed, 
all the delights connected with paternity and maternity arc superadded 
to other enjoyments ; and the bird, as she patiently performs the busi- 
ness of incubation, or tenderly watches over her newly-hatched hrood, 
derives a pleasure from the performance of the duties imposed upon her, 
second only to tliat enjoyed by the raammiferous mother, who from her 
own breast supplies the nutriment prepared for the support of her infant 
progeny. 


CHAPTER XXVI. 

PISCES-FISnES. 

(1(103.) To whatever portion of the animal world we turn our atten- 
tion, we find the lowest and Icast-perfectly organized tribes to be in- 
habitants of the water. To dwell upon the land necessarily demands no 
inconsiderable share of strength and activity — Climbs sufficiently strong 
to support the weight of the body, muscles possessed of great power 
and energy of action, acute and vigilant organs of sense, and, moreover, 
intelligence and cunning proportioned to the dangers or necessities con- 
nected with a terrestrial existence. 

(1664.) The inhabitant of the waters, on the contrary, although less 
highly gifted, may be fully competent to enjoy the position it is destined 
to occupy. Being constantly buoyed up on all sides by a dense element, 
it is easily supported at any required altitude without much muscular 
effort ; but feeble limbs are needed to guide its path through the water, 
and slight impulses suffice to impel it forward. Thus, therefore, in 
Pishes wo are prepared to expect, djpmn, that, as far as strength' and. 
compactness of structure arc concerned, they will be found inferiox to 
other Yortebrata. 
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(1665.) We are likewise justified in aiiticij)atinf^ that, in intclli^c'uce, 
and in the relative perfection of their senses, Fishes should he less highly 
endowed than the other vertebrate classes, riungcd in the innnea- 
siirable depths of the ocean, wliercunto no sound can over penetrate — 
dwellers in the realms of eternal silence, where (nxai the roar ot the 
storm is lost, vivid and distinct perceptions of sound can he little needed. 
Surrounded by a turbid clement, through which the rays of light \Yith 
difiiculty make their way, the sphere of vision must necessarily bt‘ ex- 
tremely limited. Immersed in a fluid but little adapted to distribute 
odorous particles, a refined sense of smell would bo a useless provision. 
Tasto, if it exists at all, must be blunted to the utmost, from the cir- 
cumstances under which fishes seize and swallow prey ; and even the 
sense of touch, in animals encased in scales and deprived of prehensile 
limbs, can only be exercised in a vague and imperfect manner. 

(1666.) With such infeiiority in their powers of communication with 
the extcnial world, and with facailties so circumscribed, w e might justly 
infer that, as relates to their intellectual powers. Fishes hold a j)osition 
equally debased and degraded. Destitute of the means of social inter- 
course, deprived of all sympathy even with individuals of their own 
species, friendless and matclcss, the fish is denied oven the privileges of 
sexual attachment; the female for the most part cvjects her countless 
eggs ilto the sea, as heedless of the male that blindly fecundates them 
as she is careless of the progeny to which they give birth. Thus, to pursue 
and destroy their prey constitutes their chief enjoyment dui ing life, and 
to bo devoured at last is the great end of their existence. 

(1667.) We shall commence our account of the anatomy of Fisiiks by 
an examination of the internal skeleton which forms the framework of 
their bodies. The reader has already seen, in the Cephalopoda, the first 
appearance of an osseous system in the cartilaginous pieces described in 
the last chapter, and will necessarily expect that, between the rudi- 
mental condition which characterizes the cephalic ring of the Cuttle-fish, 
and the complete and perfect skeleton of the Fish, various gradations of 
development will occur aa we advance progressively from lower to more 
elevated forms of the finny race. Nor in this will ho bo deceived. The 
lowest tribes of Fishes possess a skeleton but little superior in its organi- 
zation to that of theCephalopod : in the Myocine and Lamprey the cranium 
is still cartilaginous ; and even the spinal column, not yet divided into 
vertebrae, resembles a cartilaginous cord extending from the head to tho 
tail. Even in the Sturgeon, the Shate, and the Shark, the skeleton is 
but very partially ossified ; and thus we are gradually and almost imper- 
ceptibly conducted to the strong and bony framework of the typical 
Fishes. 

(1668.) But the most curious instance of gradation between the true 
Fishes and the Mollusca is met with in the AmpMoams. The Amphioxus 
is met with in all the European seas, but is more especially abundant in 
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the Meditorranoan. Its usual residence is upon banks of sand, where it 
finds both shelter and abundance of nourishment. Like the Ascidians, 
it seems to feed entirely upon infusorial organisms, either animal or 
vegetable, which abound in the localities . 

that it frequents, and which it swallows, 

just as the Ascidians do, by the instru- 
mentality of tlie vibratile cilia mth which 
its mouth and branchial chamber are 
richly provided. Such is the activity of 
its movements, thiit, when dug up from 
its hiding-place in the sand, if left loose 
for a single instant, it buries itself again 
with astonishing rapidity, and thus almost 
instantaneously eludes the grasp of those 
who attempt its capture. Although de- 
cidedly a member of the vertebrate scries 
of animals, the Amphioxiis can hardly be 
said to possess a skeleton, so soft is the 
(iondition of those tissues which, from 
their arrangement, evidently represent 
this structure ; still it is not difficult to 
point out the arches of the lower jaw (fig. 

J309, a) and of the branchial apparatus 
(d)f as well as the structure and position 
of the spinal column. 

(16C9.) One of the most interesting 
features in the anatomy of the Amphioeem j 

is, that the canal which encloses the 
medulla spinalis presents anteriorly no 
cranial expansion, but the dorsal cord 
representing the spine extends quite from 
one extremity of the body to the other, 
projecting both behind and before con- 
siderably beyond the lateral muscles of 
the body, and extending anteriorly con- 
siderably further forward than the oral 
apparatus (a), or the anterior termination 
of the spinal cord. 

(1670.) The mouth (fig. 309) is sur- 
rounded by a cartilaginous ring, com- 
posed of several pieces, each of which 
gives off a prolongation to support the Amphioxus. 

cirri that surround the oral orifice. The buccal cavity is lined with 
mucous membrane, and is densely ciliated, — the ciliary action forcing 
continuous currents of water towards the branchial chamber (d), or the 
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branchial canal,' as it is called by Miiller, which, boin^ continued back- 
wards, terminates. in the commencement of the alimentary canal {<?). 

(1671.) The branchial chamber is supported by a very singular sort 
of framework, first described by Retzius and Goodsir, and subsequently 
more in detail by Professor Muller. It consists of a considerable number 
(variable according to the age of the animal) of thin rib-like processes, 
which are united together superiorly, but quite free below, so that they 
constitute a series of semicircular arches, united together by transverse 
’ cartilaginous bands, so as to roof-over the branchial vault. This solid 
framework is lined internally with a kind of mucous membrane, which, 
however, is not continuous from rib to rib, and consequently does not 
fill up the intercostal spaces, but leaves a fissure between each pair of 
the cartilaginous arches, so that in adult specimens there are as many 
as a hundred of these branchial fissures or more ; nevertheless, as the 
whole branchial chamber, as well as the margins of these fissures, which 
are extremely narrow, lire closely set with vibratile cilia, it is very diffi- 
cult to perceive their existence, which, indeed, was denied both by 
Eathko and Goodsir. 

(1672.) On placing a living Amphioxus in water coloured with indigo, 
and observing it with a microscope, it is apparent that the coloured 
particles that enter the branchial chamber a^S driven by the ciliary 
actioh, partly towards the alimentary canal, and enter the intestine, 
while another part traverse the branchial fissures, and thus enter the 
abdominal cavity, where there is no longer any ciliary movement, but 
the water which flows into it unceasingly through the branchial appa- 
ratus forms a continuous current, which finds an exit through the 
abdominal pore (c), the margins of which exhibit ceaseless movements 
of contraction and dilatation. Behind the abdominal pore, the cavity of 
the abdomen is impermeable to water, and closely embraces the terminal 
portion of the intestine. 

(1673.) The cavity in which the branchial apparatus above described 
is lodged contains likewise the greater portion of the alimentary tube, 
•as well as the liver, the generative apparatus, and the kidneys ; so that, 
in fact, it performs the functions both of a respiratory and abdominal 
cavity. 

(1674.) The digestive system of this singularly-organized being 
presents, in many respects, a very degraded type of structure. The 
branchial chamber above described terminates posteriorly in a short and 
narrow canal, which is the oesophagus. This opens into, a wider intes- 
tine, which is always easily distinguishable, owing to the green colour 
of its parietes. A little beyond the termination of the oesophagus, there 
is appended to the intestine a long caecum (/), almost as capacious as 
the intestine itself, which is supposed by some to represent the liver, 
here reduced to its simplest possible condition. MliUer, however, adds 
that the whole of the intestinal walls, which are lined with a greenish 
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pjlandular structure, may be regarded as performing the functions of a 
hepatic organ. 

(1675.) Thewliole track of the intestinal .tube, as well as the (so-called) 
hepatic viscus, is covered internally with vibratile cilia. The ciliary 
action, however, is more especially conspicuous in that part of the intes- 
tine which lies beyond the green-coloured portion ; and it is here that 
cxcrementitious matter begins to be formed, which may be observed 
turning round and round with velocity in consequence of the surrounding 
ciliary movement. 

(1676.) At the posterior part of the respiratory chamber, and close 
to the abdominal pore, the microscope displays some small detached 
glandular bodies, which Miiller thinks may be the kidneys ; he, however, 
remarks that he could never discover them by dissection. 

(1677.) The ovaria consist of lax cellular tissue, surrounded with a 
delicate but strong membrane, which is closed on aU sides. They are 
adherent by one side to the walls of the abdominal or, rather, thoraco- 
ventral cavity ; elsewhere they are covered by the peritoneum. Costa, 
who first recognized these organs, observed that in the males the testes 
occiq^ied the same situation as the ovaria. There arc neither oviducts 
nor vasa deferentia ; so that the products of the generative organs must 
necessarily puss through the abdominal cavity and escape through the 
abdominal pore, as is the case among the cyclostomous cartilaginous 
fishes. 

(1678.) The description given by Miiller of the circulation of the 
blood in the AmpJiio.vus is extremely interesting. The circulatory appa- 
ratus, while presenting a considerable resemblance to the normal arrange- 
ment met with in other fishes, exhibits an equally strong analogy with 
that of some of the Annelida in its division and distribution. 

(1679.) Miiller enumerates*, as belonging to the circulatory appa- 
ratus of AmphioxuSj the following parts: — 1. the arterial heart (</«.? 
Arterienherz) ; 2. the bulbs of the branchial arteries (die Bulhillen der 
Kienuncirterien) ; 5. the aortic arch, which discharges the functions of 
a systemic heart (der herzartige Aortenhogen) ; 4. the heart of the vena 
port® (das Pfortaderherz); 5. the heart of the vena cava (das Ilohhenen- 
herz), — the duties assignable to each being as follows : — ^The arterial 
heart (fig. 309, 1 1) is a thick vessel of uniform calibre throughout, 
situated in the median line, and nmning immediately beneath the 
branchial chamber, between the arches forming the framework of that 
cavity ; posteriorly this vessel is continuous with the heart of the vena 
cava (n). Before the moment of contraction, the arterial heart is seen 
to bo filled with perfectly colourless blood ; but when fully contracted, 
it is completely emptied (the inteiwal between its contractions is about 
a minute). From its sides are given off the bulbs of the branchial arteries 
* “Ueber den Ban und die Lobonserscheinungen des Amphioxus lanceolaius.'* 
Berlin Trans. 1842. 
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(fig. 309, m w), which arc little contractile cavities situated at the com- 
mencement of each branchial vessel, fomiiug so many little liearts acces- 
sory to the preceding. Their number vaiics with that of the branchial 
arches, from fivc-and-twenty to fifty on each side, their office obviously 
being to distribute unrespired blood through the branchial ajiparatus. 
No branchial veins can be distinguished in the living animal ; but by 
carefully detaching the branchial chamber and laying it on a strip of 
glass, it becomes apparent that the aorta, situated upon the dorsal aspect 
of the respiratory cavity, receives the veins supplied from each branchial 
arch. 

(1680.) Aovfiv arch lurformhuf the functions of a heart, — The blood 
of the Amphioxus is not, as in fishes, entirely supplied to the aorta 
through the medium of the branchiae, but is partly conveyed immediately 
into that vessel through two largo trunks, the representatives of the 
(hictus arteriosus (fig. 309, Ic), which directly unite the median arterial 
heart with the aorta, and are, to a certain extent, continuations of the 
heart itself. They arc, however, themselves coiitmctile organs, and are 
actively employed in the propulsion of the blood, as is the aorta itself 
(fig. 309, ?), which, doubtless, peiTonns the functions of a heart. 

(1681.) The heart of the vena portce (fig. 309, o) is a long vessel, 
which runs along the under surface of the intestine as far as the hepatic 
cnpcum; its contractions are readily obseiwablc in tlic living {inimal, 
the intervals between each being exactly the same as in the other hearts 
above mentioned. 

(1682.) The heart of the vena cava (fig. 309, n) is placed opposite to 
the preceding — that is to say, on the domil aspect of the hepatic caecum ; 
it is at first of small size, but gradually becoming larger, ultimately 
empties itself into the artcriiil heart (/), which it supplies with blood. 

(1683.) The contractions of the vc.sscls, or hearts, above described 
succeed each other in such a manner that each in turn becomes gradu- 
ally filled, while others contract. The systole of the arterial heart does 
not commence before the act of contraction has been complct(jd in all 
the rest of the system. Moreover each trunk contracts in succe.ssion 
with so much energy that it seems to empty itself entirely, and remains 
for some little time undistinguishablc, from which cii-curastancc it neces- 
sarily results that any given portion of the blood will have passed 
through the entire round of the circulation in the time which elapses 
between the consecutive contractions of the same portion of the vascular 
system — a space of time which observation shows to be in Branchiostoma 
about a minute. 

(1684.) Hut, perhaps, the most remarkable feature in the anatomy of 
this singularly-organized being is the apparently complete absence of a 
brain. The medulla spinalis, slightly thickened towards the central 
part of the body, tapers off posteriorly as it approaches the tail, Avherc it 
terminates in a point ; and towards the anterior part of the body, as 
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appeared to MM. Rathko * and Ooodsir f, a similar disposition was ob- 
servable ; hence they conceived that the central axis of the nervous 
system in this fish was reduced entirely to the parts representing the 
spinal cord in other Vertebrata. Subsequent researches have, however, 
shown that this is not strictly the case, but that, although there is no 
cerebral enlargement corresponding to the encephalon of ordinary fishes, 
the anterior extremity, inasmuch as there exist distinct olfactoiy X and 
optic organs, must be regarded as essentially encephalic in its nature. 

(1GS5.) In tracing the modifications observable in the construction 
of the vertebral column of fishes, we have a beautiful illustration of the 
])rogressive advances of ossification in this the central portion of the 
osseous system. The spine of the Lamprey, although at first sight ap- 
2 )arently entirely soft and cartila- 
ginous, presents already, in the 
arches which compose the sjnnal 
(*anal, and in tho soft cord that re- 
presents the bodies of the veiicbnr, 
slight indications of an incipient 
division into distinct jneces : rings 
of ossifie matter are distinguish- 
able, encircling at intervals the soft 
spinal cartilage, upon which they 
perceptibly encroach ; so that, on 
making a longitudinal section of 
the cord, it ofters the appearance 
sketched in the adjoining figure 
(fig. 310, a). In a more advanced 
form of a fish’s skeleton, as for 
example in the Stui’geon, these 
ossified rings are found t(j have enlarged considerably, and penetrate 
still more deeply into the cartilaginous mass (fig. 310, n). As the bony 
rings thus dcvoloi)ed apijroximato the centre, it becomes more and moi’e 
evident that they represent the bodies of so many vertebne ; hut even in 
the majority of fishes the central part remains permanently unossified, 
so that a cartilaginous axis travci’scs the vertebral column from one end 
to tlic other (fig. 310, e) ; and it is not unusual to find the central aper- 
ture perfectly obliterated, as delineated in the fourth sketch (n). 

(1G80.) Fishes, being continually resident in an clement nearly of the 
same specific gravity as their own bodies, require little firmness or 
solidity in the construction of their spinal column : a free and unfet- 
tered power of flexion in certain directions, so as to permit an ample 
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* “ Benierkimg Uber dcii Ban des Amphioxua lixnccolafm."' Monatsberichte der 
Akad. del* Wisscnschaften, 1841. 

t Traiisaciions of the Royal Society of Edinburgh, vol. xr. 
t Vide Kbllikcr, Midler’s Archiv, 1843. 
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sweep of their expanded tail, which forms the principal agent in pro- 
pelling them forwards, is far more essential to their habits. Tims the 
cartilaginous spine of the feeble Lamprey is sufficient for all needful pur- 
poses ; and even in the most perfectly ossified fishes, from the manner 
in which the vertebrae are united to each other, the greatest possible 
flexibility is ensured. The body of each vertebra presents two conical 
cups, the apices of which are nearly or quite continuous ; the margin of 
each cup-like depression is united by elastic ligament to the correspond- 
ing margin of the contiguous vertebra, and thus between the bodies of 
each pair of vertebra) a wide cavity is formed (fig. 310, n), which is fiUed 
up with a semigelatinous substance; so that, by this beautiful con- 
trivance, the mobility of the whole chain is abundantly provided for. 

(1687.) There are only two kinds of vertebra) recognizable in the 
skeleton of a Fish, viz. the abdominal and the caudal. The abdominal 
vertebrae support the ribs (for in these animals the ribs do not constitute 
a thorax, or contain any of the viscera called thoracic in the human 
body) ; they extend from the head to the commencement of the tail, and 
are at once recognizable by the nature of the elements which enter into 
their composition, each vertebra being provided with a superior arch 
(fig. 306, b)f through which passes the spinal cord, a superior spinous 
process (c), and two transverse processes (d), to the extremities of which 
the rilfe are generally attached. The caudal vertebra) are composed, as 
we have already seen, of different elements : the transverse processes 
either do not exist, or are very feebly developed ; but beneath the body 
an inferior arch is formed, and from this an inferior spinous process, 
equalling the superior in length, is prolonged in the opposite direction 
(fig. 311,6). 

(1688.) As the vertebrae approach the tail, they become somewhat 
modified in structure to support the caudal fin ; their spines become 
shorter and thicker, the canals formed by their superior and inferior 
arches smaller or nearly obliterated, and at length the spines become, as 
it were, soldered to each other and to the interspinous bones hereafter 
to bo noticed ; so that they form a broad vertical plate, to the posterior 
margins of which the rays of the tail-fin arc articulated (fig. 311, 7o). 

(1689.) The ribs of Fishes are slender bones, appended cither to the 
extremities of each transverse process of the abdominal vertebra), or else 
to the body of the vertebra itself : every rib is connected with but one 
vertebra, and that only at a single point. They do not, as wo have 
already said, form a thoracic, cavity, but enclose the abdomen, and are 
imbedded among the lateral muscles of the trunk, to which they give 
support. From each rib arises a long styliform process (73), which, in- 
clining backwards, is likewise plunged among the muscular fasciculi ; 
and in some fishes, such as the Herring and Caiq) tribes, similar append- 
ages are derived from the bodies of the vertebra) themselves, so that the 
bones of such fishes appear to bo extraordinarily numerous. On the 
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other hand, many tribes have but the rudiments of ribs ; and in some, 
as, for example in the Skate, they are altogether wanting. 
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(1690.) No sieniuMj properly so culled, exists in Fishes ; but tlu' ex- 
tremities of the ribs are sometimes connected with ossified plates belong- 
ing to the tegumentary system, which cover the !il)domen, and which by 
some authors have been regarded as a sternal apparatus. 

(1691.) We have now to request the attention of the reader to (*er- 
tain sup^demeiitary organs which are peculiar to tlie class before us. 
These consist in sundry appeiKhiges to both tlio superior and intc'rior 
spinous processes of the vertebim, which arc gcnierally prolonged into 
fins situsitcd along the mesial line of the body. Tlurse single tins, which 
must by no means be confounded with the pairs of fins tlnit rcqu’cscnt 
the arms and legs, are very variable in their position, and in many cases 
are altogether wanting. Wlum fully develoj)ed, one of tlieni is situated 
along the mesial line of the back, and in the Perch (lig. 611) this dorml 
fui is separated into two distinct portions (75) ; anotlier, denominated 
the candal forms the tail; and a third, likewise situated in the 
medifin line, at a sliort distance beliindthe anal oiifice, is called the ami 
fin from that circumstance. 

(1692.) These fins present two sets of bones — the miti'spuious boim, 
which form the basis to which they arc affixed, and the fin-raijs. 

(1693.) The intersjjinous hones (fig. 311, 74) form a scries of strong 
daggej-like bones, deeply implanted in the flesh along the mesial line 
of the body, between the two great masses of lateral muscles : their 
points generally penetrate to a little distance between the spinous pro- 
cesses of the vertebra}, to which they arc connected by a ligamentous 
attachment ; whilst to their opposite extremity, which may bo compared 
to the hilt of the dagger, the corresponding fin-rays arc affixed by a 
beautiful articulation. There is generally only one interspinous bone 
affixed to a vertebral spinous process, but in the Flat-fishes (Fleiiro- 
neetuke) there are two ; and moreover, in that remarkable family, the 
inferior spinous process of the fii-st caudal vertebra (which, as we have 
akeady seen, is of enormous size) frequently has not fewer than six or 
seven interspinous bones appended to its extremity. 

(1694.) Each interspinous bone consists of two pieces, united by a 
suture, — one portion representing the blade, the other the handle of the 
dagger, to which we have compared it. 

(1695.) The fin-rays of Fishes are of two kinds, being either solid, 
and apparently composed of one strong piece, like those which support 
the anterior half of the dorsal fin of the Perch (75), in which case they 
are called spinous raijSj or else they are composed of several slender 
stems derived from one common root, every one of which is made up of 
numerous pieces : these, which bear the name of soft rays, are found in 
the posterior portions both of the dorsal and anal fin of the Perch, and 
arc invariably met with in the tail of all fishes possessed of a caudal fin. 
This difference in the stnicture of the fin-rays, trivial as it might appear, 
is a circumstance to which much importance is attached by ichthyologists. 
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wlio lieneo d(^rivc; tlic moans of separating osseous fislies into two great 
groups — tlio Acaniliopferijj/ii, or sueli as possess spinous rays in tlic 
eoinpositioii of tlieir dorsal liii, and the Mdlacojjterfjyii, in which all tlio 
fin-rays are soft, livei’y fin-ray, wliethor spinous or soft, is in reality 
made up of two lateral halves placed side by side : in the soft rays these 
ai(! easily separable; hut in the spinous rays tliey are firmly united 
along the median line, so as to rein’csent hut one bone. 

( 1 Tlie arliculation between every fin-ray and the corresponding 
iiil(‘rspinous bone forms a hinge-joint, so as to allow of the elevation or 
d(‘pr(‘ssion of the fin. The stmeture of this joint is very beautiful : the 
two lateral halv(\s of the ray separate, so as to form two branches, which 
firmly embrace the sides of the head of the interspinous bone, and 
terminate in little prominent tubercles which arc received into corre- 
sponding lateral depressions in the bone to which the ray is attached. 
SomctiiiK's, imh'ed, the head of tlie inter.s 2 )inous bone is eoni 2 )letely per- 
forated, and then the two branches of the fin-ray p{i«sing through the 
02 )ening become firmly united witli each othci‘, formnig a kind of joint 
which is 2 ) 0 (!uliar to hishe.s, and exacll}^ resembles the mode of union 
between two links of a chain. This structure is beautifully exhibited 
in the articulation of the elongated rays attached to the head of Lophim 
jiiscatorius*. 

(1697.) The composition of the skull of Fishes is one of fS^e most 
difficult studies connected with their history ; nevertheless it is a sub- 
ject of very considerable importance, and has recently occiqned the 
attention of the most celebrated Continental anatomists. It is not by 
any means our intention to engage our readers in discussing all the 
conflicting, and sometimes visionary, opinions entertained by different 
authors relative to the exact homology of the individual bones fonning 
this part of the skeleton ; and we .shall therefore content ourselves by 
placing before them, divested as far as possible of superfluous argu- 
mentation, Cuvier’sf masterly analysis of the labours of the principal 
in(]uircrs concerning tliis intricate piece of anatomy, taking the Perch 
as a standard of comparison J . 

(1698.) The head of a Fish may be conveniently divided, for the 
pui-pose of desenption, into several distinct regions, each of which will 
reciuire sc]jarate notice. 

(1699.) The cranium, which foniis the central portion of the skull, 
contains the brain and auditory apparatus, and constitutes the basis 
whereunto the other parts arc connected. It is remarkable from the 
number of distinct pieces of which it consists, inasmuch as in Fishes 

* llffc Yarreirs History of British Fishes, vol. i. p.27l. 8vo. 

t CHivier ct Valenciennes, Ilisloire des Poissons, vol. i. 4to. 

I Tliose who would enter more fully into the discussions relative to the essential 
conqwsition of the skid I are referred to the w orks of GreoJfroy St.-Hilaire, S 2 )ix, 
liosi'nlhab Meckel, Bakkcr, Bojamis, and Okeii, tJie great disputants iq^oii this subject. 
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the elements, or ossific centres, of which the cranial bones of higher 
animals are composed remain here permanently scj)arate(l, overlapping 
each other, so as to form squamous sutures, but never becoming fused 
together, as the elements of the human skull invariably do at a very 
early period. 

(1700.) No fewer than twenty-six bones enter into the composition 
of the cranium wo are now considering ; to which, as is now generally 
allowed, the following names are applicable. 

(1701.) The frontal bones are each divided into three portions, called 
respectively the prlncijpal frontal (l)*, the antenor frontal (2), and the 
posterior frontal (4). 

(1702.) Between the anterior frontal bones is the ethmoid, a simple 
vertical lamella, which is often merely a cartilaginous plate. 

(1703.) The middle of the base of the cranium is made up of two 
bones : — the hasilar (fig. 312, 5), a portion of the occipital, forming the 
body of the occipital vertebra ; and the hodtj of the sphenoid (6), a di- 
stinct bone, which is prolonged anteriorly into a lengthened process, 
which serves as the base of the membranous septum between the orbits. 

(1704.) li\iQparietal hones (7) are placed behind the posterior frontal; 
but they do not generally touch each other, being separated by an inter- 
posed bone called the interparietal (8). 

(I70f.) The occipital bone is made up of five portions: namely, two 
exierml occipitals (9), two lateral occipitals (10), and the basilar bone 
(5), already noticed, by which the head is articulated with the first 
vertebra of the spine. 

(1706.) Two detached bones, which represent the great or temporal 
alee of the sphenoid, fill up the space betw^een the body of the sphenoid 
and the posterior frontal. 

(1707.) Two other pairs of bones, which are elements of the temporal 
bone in Man, likewise assist in forming the cranium : these are called 
the mastoid hones (12) and thepc^rotw hones (13). 

(1708.) A single bone, analogous to the anterior portion of the body 
of the human sphenoid, and which, as will be fully evident hereafter, 
is essentially distinct from the posterior portion, bears the name of the 
anterior sphenoid, while the orbital aim of the sphenoid are found in 
the two bones marked 14. 

(1709.) These, therefore, together with the representative of the 
vomer (16), complete the cranial portion of the skull; no fewer than 
six azygos and twenty pairs of bones entering into its composition. 

(1710.) Bones composing the upper jaw. — The ui)pcr jaw consists 
of two 2 )airs of bones, which, from the looseness of their connexion with 
the other bones of the fiice, are endowed with considerable mobility. 

* Tn order to simplify the subject as much as possible and prevent unnocossary 
ropctitioii, the reader will observe that, throughout all the figures connected with the 
osteology of the Vertebrata, corresponding bones are indicated hj the same numbers. 
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(1711.) The Literma.villary bones (17) form the greater part of the 
margin of the juw, and arc attached by a moveable articulation to the 
anterior extremity of the vomer. These bones are armed with nume- 
rous sharp teetli. 

(1712.) The maxillary hones (18) are moveably articulated with the 
last, and generally are in like manner furnished with teeth. In some 
cases they are divided into two or three pieces. 

(1713.) Bones of the face . — The bones of the face in Fishes are very 
numerous ; but, as they are of little importance to the osteologist, a 
bare enumeration of them will answer our present purpose, and enable 
the student to recognize them with facility. We have first the nasal 
hones (20) ; then a chain of bones of variable size and number (19), so 
disposed as to form the lower boundary of the orbit, and hence named 
suhorhital hones. Behind these, again, a similar chain of ossicles is 
not unfrcquently met with, arching over the temporal fossa ; and these, 
which are apparently peculiar to Fishes, are named the supratem- 
poral (21). 

Fig. 312. 



(1714.) Pteryyo-palathie and temporal system of hones . — Upon each 
side of the head is situated a somewhat complex apparatus, connected 
on the one hand with the articulation of the lower jaw, and on the other 
with the opercula, or gill-covers. These bones are seven in number on 
each side. 

(171^5.) Tha palatines (22) are easily recognizable, forming part of the 
roof of tlie mouth, and generally armed with teeth. 

(1710.) Two bones arc connected witli the posterior edge of each 
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palate bone : one, situated externally, becomes, in lle 2 )tiles, a very im- 
portant element ; it is called the transverse bone the second (25) 

is named the internal jjtertf(foid. 

(1717.) I’lie otlier pieces belonging to this part of the skeleton are 
not a little interesting on account of their remarkable arrangement ; 
and perliaps the anatomical student will be somewhat startled at the 
position which some of them occupy. In the first place, the squamous 
portions of the temporal, instead of entering into the formation of the 
cranium, arc here slightly displaced, and, although still culled the tem- 
poral bones (23), arc articulated by a hinge-joint with the posterior 
frontal and mastoid bones, and thus fonn a moveable basis to which the 
opercular apparatus is attached. 

(1718.) Connected with the temporal we have the broad and flat 
piece, 27, which is the tympanic hone ; and to these the pieces forming 
the opercula are appended. 

(1719.) Lastly, suijporting the lower jaw we find the jayal hones \ 
and connecting these with the rest of tlio tem 2 )oral apparatus are two 
small ossicles (31), which complete this portion of the skeleton. 

(] 720.) The seven bones above enumerated are almost immovcably 
connected with each other by the interposition of cartilage between 
their edges — a mode of articulation distinguished by the name of syn- 
ehondfbsis ; but the whole apparatus moves readily upon two hinges, 
one formed by the articulation of the palate bone with the maxillary 
and vomer, and the other by the joint which unites the temporal bone 
to the posterior frontal. This movement, by opening the gill- covers, 
enlarges the cavity of the mouth when the fish wishes to take in the 
water necessary for respiratiou, or else, by acting in a contrary’ direction, 
again expels it. 

(1721.) Opercular hones . — The great flap, which in osseous fishes 
closes the gill-ojjenings externally, is composed of four pieces, to which 
the following names have been given. The privopercuhun (30) is at- 
tached to the posterior edge or angle of the palato -temporal apparatus 
last described, and its borders often iwesent spines and indentations, 
which, being visible externally, arc of much importance to the ichthyo- 
logist, as they afford a good character of distinction between allied genera. 
The second piece (28), wliich from its size is ciillcd par excellence the 
operculum, together with the suboperculum (32) and the hiteropercidam 

(33) , form a flap which covers the gill-o 2 )ening like a great valve, oi)en- 
ing and shutting continually to give exit to the water used in respiration. 

(1722.) Lower jaw. — The lower jaw of Fishes consists of two lateral 
halves united by a symphysis in the mesial line, each branch being 
articulated with the jugal bone of its corresjjonding side. Each division 
is separable by maceration into four or even five pieces ; viz. the dental 

( 34 ) , which supports the teeth ; the articular ( 35 ), bearing the articu- 
lating facet ; the anyidar (36), forming the angle of the jaw ; and a 
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fourth, placed u])on tlio inner surface of the articular, culled the oper- 
cular, because it corresponds with a hone met with in the lower jaw of 
reptiles, to whicli the same name has been applied. The fifth, when 
present, is very small and unim])ortant. 

(]72»‘5.) Os lufoides and hramiuostegoiis rags . — The os hgoides of a 
fish is situated as in other vertebrate animals ; it is composed of two 
branches, each made up of several pieces (fig. 313, 37, 38, 39, 40), and is 


Fig. 313. 



Oh hyoi(l«>8 and brandiial bones of the Perch. (After Cuvier.) 

always suspended from the temporal by means of two small ossicles (59), 
which, as they represent the styloid ]>roccss of Man, arc called the 
sttflold hones. 

(1724.) Hctwcon the two branches of the os hyoides is placed a single 
central piece (42), which becomes of great importance in Reptiles and 
birds ; and upon this is the hone which supports the tongue, or the 
lingual bone (il). 

(1725.) The great fissure that exists on each side between the head 
and shoulder of an osseous fish, wherein the gills arc situated, is not 
closed merely by the opercular bones, but likewise by a broad mem- 
branous expansion called the hranchiostegons membrane^ which is ad- 
herent to the os hyoides, and assists in forming the great valve of the 
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operculum. This membrane is supported by a series of slender bones 
derived from the external margin of each branch of the os hyoidcs, and 
these are named, from their office, the hrancliiosteyous rays (43). 

(1726.) Branchial apparatus . — Pishes breathe by taking water into 
their mouths, and forcing it out again through the aj^ertiires situated 
upon each side of the neck ; it is thus made to pass between their gills, 
which form a series of i^ectiniforiu vascular fringes supported U 2 )on a 
system of bones called the branchial arches. The branchial arches, 
which are generally four in number on each side, arc attached by one 
extremity to an intermediate chain of bones (53, 64, 55) situated in the 
mesial line behind the os hyoides, whilst by their oi)positc extremity 
they are connected by ligaments to the under surface of the cranium. 

(1727.) Every branchial arch consists of several jncces (57,58, 59, 
60, 61), so joined together by ligaments that the whole is perfectly 
flexible ; and their edges are studded mth little osseous plates, generally 
armed with teeth, and so disposed as to prevent food taken into the 
mouth from being forced out through the branchial fissures with the 
issuing streams of water ; so that, in reality, these pieces fulfil in their 
way the same office as the epiglottis of Mammalia. 

(1728.) Pharyngeal hones , — The last parts found to enter into the 
compos^ion of this portion of a fishes skeleton are called, from their 
position, the pharyngeal hones. They are placed immediately behind 
the branchial apparatus, and form a second set of masticatory organs, 
generally even more efficient than the jaws themselves, being for the 
most part provided with very strong teeth. 

(1729.) In the Perch there are eight of those bones, situated just at 
the entrance to the oesophagus, — ^two inferior (56), and six above (62) : 
their office and efficiency as, organs of mastication must be obvious to 
the most sui)crficial observer. 

(1730.) Upon reviewing the general disposition of the skeleton in 
one of the osseous fishes, it is at once apparent that the great instru- 
ment of locomotion is the tail, which by extensive and vigorous lateral 
movements scuUs the body rapidly along through the yielding element 
in which these creatures live. In the construction of the caudal ex- 
tremity of the skeleton, every precaution has evidently been taken to 
convert this part of the body into a broad and expanded oar, possessed 
of the utmost possible flexibility in the lateral direction. 'No pelvis, 
therefore, trammels the movements of the spine, neither do any trans- 
verse processes limit the extent of flexion firora side to side ; while, on 
the contrary, the extraordinary development of the spinous processes, 
both above and below, and more especially the vertical caudal fin, give 
an extent of surface proportionate to the wants of the animal. 

(1731.) The dorsal and anal fins, situated upon the mesial plane, 
steady, and perhaps, in some measure, direct the movements of the 
body ; while the arms and legs, or, rather, the pectoral and ventral fins. 
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wliich are in this case of secondary importance as locomotive instni- 
monts, exhibit a very rudimentary condition, and are but feeble agents 
in progression. 

(17t32.) The posterior extremities, or ventral fins, are even less cfil- 
cient than the pectoral in this respect, and their position is found to 
vary remarkably in different orders. In the Perch, these organs are, 
as we have seen, attached to the bony framework of the shoiildcu’s. 
In the Carp tribe (Cyprinidae) they are removed far back towards the 
(;ommene.(;ment of the tail, and the bones supporting them are merely 
imbedded in the muscles of the abdomen. In the Cod (Gadida^ the 
logs arc absolutely in front of the arms, being suspended under the 
throat ; and in tlic Anguilliform fishes, the Eel for instance, the ventral 
extremities arc altogether wanting. 

(17*33.) Such being the imi)erfect development of the usual locomotive 
organs, we are quite prepared to expect a corresponding modification in 
the disposition and efficiency of different parts of the muscular system. 
When wo compare the muscles of a fish with those of any of the higher 
Vertebrata, the contrast is indeed very striking. 


Fig. 314. 
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(1 734.) Delicate muscles (fig. 314) arc provided for the erection or 
depression of the different rays sustaining the dorsal and ventral fins, 
and thus the fins themselves arc expanded or folded up at pleasure. 
Similar fasciculi spread out or approximate the rays of the tail, in- 
creasing or contracting at will the extent of surface presented by that 
organ. The muscles of the pectoral and ventral limbs are small in 
proportion to the feebleness of these extremities ; the muscles of the 
trunk alone constitute the great bulk of the body, and form the efficient 
agents in progression. 

(1735.) These great lateral masses commence af the back of the 
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head, where they take an extensive attacliment to the largely-developed 
cranium : from this point backwards they fill uj) the entire space inter- 
vening between the skin and the vertebral column, with both of whicli 
they are intimately connected, reaching even to the origin of the tail 
fin. The whole for(;e of tlicse powerful musedes is evidcntlj^ exerted in 
bending the spine from side to side, and in offe(ding those vigorous 
lateral movements of the tail whercb)’ the fish is propelled through its 
liquid element, ^^"e need, thei*efore, feel little siu-pnse at the strength 
A^dth which this part of the body of fishes is not unfrc(piently endowed, 
or at the velocity of their movement — at seeing how easily their speed 
outstrips our fleetest ships — how the Flying-fish {Exocehis), urged on 
by fear, darts like an arrow to a distance through the air — or how the 
Salmon, in obedience to an imperious instinct, defies even the thunder- 
ing cataract to stop its course towards the localitj^ where it is instmeted 
by Nature to deposit its eggs. 

(1736.) There are sundry tribes of Fishes which, being destined to 
remain at the bottom of the sea, present certain peculiarities of stnic- 
ture, whereby they are not only distinguished from all others of the 
class, but form most remarkable exceptions to the general law in accord- 
ance with which the Vertebrata are organized. 

(1737.) The animals presenting this anomalous configuration arc the 
PhuroHectidcPf or Flat-fishes, as they are generally termed, which when 
at rest lie quietly upon the ground, where, from the colour of the upper 
part of their bodies, they are scarcely distinguishable. To an ordinary 
observ^er the Pleuronectidae would seem to have their bodies flattened 
and spread out horizontally, so that, while resting upon their broad and 
expanded bellies, their eyes, situated upon the back of the head, arc 
thus disposed for the purpose of watching what passes in the water 
above them ; and this, the vulgarly-received opinion, is considerably 
strengthened by the fact that what is usually called the belly is Avhite 
and colourless, Avhilc the back is darkly coloured and sometimes even 
richly vaiicgated, so as to harmonize with the prevailing tints of the 
sea-bottom. Hence the aj)pearancc of these fishes is deceptive, and 
few imagine that, in applying the tenns back and belly to the upper and 
under surfaces of a Plaice or a Turbot, they arc adopting a phraseology 
cpiite inadmissible in an anatomical point of view. 

(1738.) On examining the skeleton of a Flat-fish, we at once see 
that what we suppose to be the dorsal and ventral regions are in roahty 
the two sides, Avhich are thus strangely different in colour, and that 
the great peculiarity of their structure is the Avant of symmetry between 
the lateral halves of the body, arising from the anomalous circumstance 
that both the oyes arc placed upon the same side of the head. Their 
cranium, indeed, is composed of the same bones as that of an ordinary 
fish ; but the two lateral halves arc not equally developed, and the 
* TrXevpa, the side; a swimmer. 




Osti’nlogy of tin* Floundt-r (JPletmniertto Jiesun). 


The position of the pectoral and ventral fins slightly parti- 
cipates in tliis want of syminetiy ; but in other respects the skeleton 
(fig. precisely con-esponds with that of the generality of osseous 
fislies. The superior and inferior spinous processes of the veriebne 
ju’c amazingly developed, and the intersphious hones (74) of inordinate 
length ; so that the vertical diameter of the body is disproportionately 
increased, and the animal is obliged to swim and rest upon one side. 
Tlie domd fin (75) runs along the whole length of the back ; the anal 
fin (a) roaches from tlie large spines that form the posterior boundary 
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of the abdomen to the to?7, which latter holds the same position as in 
other tribes ; so that the reader will have little difficulty in comparing 
the cliff^ent pieces df the skeleton of the Flounder {Pleiironectes Jlesus) 
with'th^ co^sponding bones of the Perch already described. 

' (1740.) 'the fefcelotons of the cartdagindus fishes {Chondroj>t€ryr/ii^) 

, win require a distinct notice, inasmuch as they present very remarkable 
''peculiarities of po inconsiderable interest. In the Sharks, Skates, and 
other gehcra belon^ng to this important division of the great chiss we 
are -noi^ considering, the interior of the bones remains permanently 
ohrtiV^lhioife ; but the skeleton is in some regions incrusted, as it were, 
with dsseous granules. No centres of ossification from which radiating 
. fibres of bony matter progressively extend themselves, as is the case in 
the osseous fishes, are ever developed; and consequently the skull, 
although it presents externally the same regions, eminences, and aper- 
tures that are usually met with, is never divided into separate bones, 
but is formed of a single mass of cartilage, in which no sutures or lines 
of division are ever distinguishable. 

(1741.) The face is likewise much more simple in its structure; for, 
instead of the numerous pieces composing the palato-tcmporal region 
of the Perch (§ 1714), two bones only are met with, one of which, the 
palatine, performs the office of an upper jaw and supports the teeth, 
whiloHhe other connects the lower jaw with the cranium. The lower 
jaw itself, moreover, consists of but ono piece on each side, to which the 
teeth are attached. 

(1742.) From the peculiar conformation of the respiratory apparatus, 
which will be exp&jhed hereafter, there is no occasion for any oper- 
cular flap) thie, ’^therefore, is not present: nevertheless the hyoid and 
branchial arches resemble pretty much those of osseous fishes ; only the 
latter are situated further backwards, being placed quite behind the 
skull, under the#)mmencqment of the spine. 

(1743.) The bones of the shoulder arc represented by a strong carti- ^ 
laginous zone, which in Sharks is quite unconnected with the vertebral 
column, but in the Skate (liaia) it is fixed to two large lateral apophyses 
derived from the spine (fig. 316). The zone, representing the scapulary 
apparatus, consists of a single piece, which surrounds the body, and on 
each side supports the bones of the fore-arm. The enormously-deve- 
loped pectoral fin is composed of the carpim, amazingly augmented in 
size, and of the no less remarkable hand, which in the Skate is made up 
of an immense number of fingers or rays, and forms by itself nearly 
half the circumference of the body. 

(1744.) The pelvis, or cartilaginous framework that supports the 
hinder extremities, i, e. the ventral fins, is a single transverse piece of 
cartilage quite detached from the rest of the skeleton : it expands on 
each side into a broad plate, to which the fin, the representative of the 
* XovSpoSf cartilage; vrepvytov, a fin. 
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system is therefore necessarily changed to meet these altered cireum- 
stances : the muscles of the trunk, which in osseous fishes formed the 
great agents in locomotion, become now of secondary importance ; while 
those of the pectoral fins, so feebly developed in the Perch, are massive 
and powerful in proportion to the unwieldy size of the anterior extremities. 
Another peculiarity in the skeleton of the Chondropterygii is observable 
in the construction of the caudal fin, which, even in the Sturgeon and the 
Shark, notwithstanding the importance which this organ still maintains 
in those genera as an instrument of locomotion, begins to differ very re- 
markably from the tail of an osseous fish. It is true that it still exhibits 
great expansion in a vertical direction, and to a superficial observer, if 
examined without dissection, might seem to be constructed on the same 
principles ; but, oi examining the skeleton of one of these cartilaginous 
fishes, it will be found that the vertebral column is continued uninter- 
ruptedly into the upper half of the generally furcate tail, whilst the 
lower division of the caudal fin is entirely made up of supplementary 
rays, appended to the inferior aspect of the caudal vertebroc. Possessing 
this form of the tad, the transition is by no means abrupt from these 
highly-organized fishes to the Saurian reptiles, with which, as wo shall 
afterwards see, they exhibit many remarkable affinities. 

(1748.) If in the highest Hetbrogangliata we found that, in addi- 
tion to^he tegumentary skeleton, or shelly covering, so extensively met 
with among the MoUusca, the first appearances of an internal osseous 
system became recognizable, we are not on that account to imagine that, 
as soon as bones become developed internally, the cuticular secretions 
hitherto denominated shell at once disappear, but, on the contrary, must 
be prepared to expect that, in some form or other, calcareous armour 
deposited by tho skin should still be met with. In Fishes, the coexist- 
ence of an internal and of an external skeleton is undeniable; and 
having already described the former, which has been aptly enough 
called the endosheleton, it remains for us in tho next place to examine 
tho latter or exosheletoiiy which, as we shall soon perceive, forms no un- 
important part of the anatomy of the class under consideration. 

(1749,) The most usual form of the cuticular covering of Fishes is 
that of imbricated scales, with which the whole exterior of the body is 
compactly encased, as in a suit of armour. Such an investment is ad- 
mirably adapted to their habits and economy. The dense and corneous 
texture of the scales, impermeable to water, defends their soft bodies 
from maceration, while, from their smooth, polished exterior and beau- 
tiful arrangement, they ensure the least possible resistance from the 
surrounding medium as the fish glides along. 

(1750.) Examined separately, each scale is found to be partially im- 
bedded in a minute fold of the living and vascular cutis, to which its 
under surface is adherent. Every scale is, in fact, made up of super- 
imposed lamin® of homy matter secreted by the cutis, precisely in tho 
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same way as the sheUy covering of a mollusk ; and by maceration the 
different layers may readily be separated, — the smallest and most super- 
ficial being of course the first formed, while the largest and most recent 
are those nearest to the surface of the living skin ; as far as relates to 
the mode of growth, therefore, there is the strictest analogy between 
the scale of a fish and shell. Various are the forms under which these 
scales present themselves to the ichthyologist : sometimes, as in the Eel, 
they are thinly scattered over the surface of a thick and slimy cutis ; 
more generally they form a close and compact imbricated mail ; in the 
Pipe-fishes (Syngnaihidee) the whole body is covered with a strong 
armour composed of broad and thick calcareous plates ; and in the Coffin- 
fishes (Ostracionidee) the integument is converted into a strong box made 
up of polygonal pieces anchylosed together, so that the tail and fins alone 
remain moveable. 

(1751.) The Sturgeon is covered with broad shield-like plates. The 
skin of the Shark is densely studded with minute sharp spines of almost 
crystalline hardness ; and in many Skates, as in the Thomback, similar 
cuticular appendages, but of more considerable dimensions, are distri- 
buted over the back and tail, forming very efficient defensive weapons. 

(1752.) But cutaneous spines, although* while in a rudimentary con- 
dition they arc obviously mere extraordinary developments of scales, 
may occasionally become of sufficient size and importance to mal^ them 
convertible to various unexpected uses ; and when thus exaggerated in 
their dimensions and appropriated to distinct offices, they assume so 
much of the character of true bone, that it is no longer easy to demon- 
strate their real nature, more especially as they then become in many 
cases really articulated by means of very perfect joints with different 
pieces of the endosiceleton properly so called. 

(1753.) Let us examine this important subject with a little attention, 
and we shall soon perceive how closely the eindoslceleton and the c.ro- 
sheletm may become connected, not to say interchangeable, with each 
other. There is no possibility of mistaking the spines and tubercles 
upon the back of a common Skate for anything but cuticular appendages, 
secreted in the same manner as scales from the surface of a vascular 
pulp; but in the Fircflare {Trygon jpastinaca), where, instead of the 
scattered hooks of the former species, we find a single sharp and serrated 
spine projecting like a bayonet from the upper surface of the root of the 
tail, the analogy between this formidable and bone-like organ and an 
epidermic structure becomes apparently more remote, and, did we not 
know that the fish possessing such a weapon had no ossified bones in- 
ternally, we might be tempted to regard this appendage as a process 
derived from the eiuJosIceleton. 

(1754.) The spines of the common Stickleback (Gasterosteiis) are 
indubitable derivations from the cuticle; but they are fastened by 
moveable articulations to the sides of the body, and are raised or de- 
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pressed by means of muscles inserted into their bases. Advancing one 
step further, we find in Sihmts the first ray of tlie pectoral fins enor- 
mously developed and forming a strong serrated weapon of a very 
formidable description, which although both in shape and structure 
exactly comparable to the spine upon the tail of the Firefl.'ire, is never- 
theless connected by a most beautiful and perfect joint with the bones 
of the shoulder, so that it might easily be regarded as forming part 
of the endosJceletoriy did not its peculiar, structure indicate its real 
nature. 

(1755.) We thus arrive at the important conclusion that different 
portions of the exosiceleton become approximated in character to those 
of the endoslcchton, or, in truth, really convertible into true bone ; and 
with this fact before us it becomes easy to understand the nature of 
various parts of the skeleton of a fish, which, upon any other supposi- 
tion, would be not a little puzzling to the comparative osteologist . 

(1 756.) The nature of the rays of the dorsal and anal fin of the Perch, 
for cxnmplo, together with the i)ifers2)hm4S bones upon which they are 
sustained, is quite unintelligible if they are regarded as belonging to 
the endosheleton ; and no dismemberments of the osseous system as yet 
imagined, or supposed subdivisions of the vertebra) into a greater num- 
ber of elemental pieces than we have enumerated, has been able to solve 
the diftculty ; but if they are regarded as ossified derivations from the 
eamJceleton, all difficulties at once vanish. 

(1757.) Again, the opercular bones (fig. 312, 28, 30, 32, 33) forming 
the gill-covers of an osseous fish have been a fruitful source of discussion j 
and M. Geoffroy St. -Hilaire* was reduced to the necessity of recog- 
nizing in these broad plates the ossicles of the human ear, which, after 
dwindling to a nidiment in the descending scale of vertebrate animals, 
suddenly reappeared in a new and exaggerated form. ** J’ai peu vu 
dans la serie des dtres de ces r^urrections d^organes fee remontrant 
subitement dans une classo apres avoir dispani dans une ou deux de 
ceUes qui la precede dans Pcchelle,^^ are the impressive words of Cuvier 
upon a similar occasion ; and it is certainly far more simple to imagine 
the epidermic plates of the Sturgeon ossified and converted into bone, 
than to be compelled to have recourse to the .bold speculations of the 
French anatomist regarding the real nature of those opercular portions 
of a fish’s skeleton f. 

* Philosophie Anatomique des Pieces osseuses des Organes respiratoires 8vo 
Paris, 1818. 

t The different opinions on the nature or homology of the opercular bones may be 
reduced to two principles : first, that they are modifications of parts of the ordinary 
skeleton ; secondly, that they are superadded bones peculiar to Fishes : the latter view 
18 tliat taken by Cuvier. According to the former, which is the more philosophioal 
mode of considering them, three opinions have been offered. The first by Spix and 
OwfiVoy, that they are gigantic representatives of the ossicles of the ear, otherwise 
absent m the skeleton of Fishes ; this view has been adopted by Professor Grant. 
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(1758.) Ill coimexion witli the locomotive organs we must here notice 
one of the most elegant contrivances met with in the whole range of 
animated nature, by which the generality of fishes arc enabled to ascend 
towards the surface, or to sink to any required doiith, without exertion. 

(1759.) The apparatus given for this purpose is called the swimming- 
bladder, and consists of a reservoir of air (fig. 317, 2^) placed beneath 
the spine, in which position it is fii*mly bound down by the peritoneum. 
The outer coat of tliis bladder is very strong, and composed of a peculiar 
fibrous substanc(i from which isinglass is obtained, but.it is lined inter- 
nally with a thin and delicate membrane. The shape of the swimming- 
bladder varies considerably in different tribes. In the Porch it is a 
simple cylinder closed at both extremities; sometimes it gives off 
branched appendages; sometimes, as in the Cyiirinidac, it is divided 
into two portions, one anterior and the other posterior, by a deep cen- 
tral constriction ; but, whatever its shape, its office is the same, namely, 
to alter the specific gravity of the fish, and thus to cause it to rise or 
sink in the medium it inhabits. By simply compressing this bladder 
by approximating the walls of the abdomen, or occasionally by means 
of a muscular apparatus provided for the purpose, upon a principle with 
which evenly one is familiar, the fish sinks In proportion to the degree of 
pressure to which the contained air is subjected ; and as the compressed 
air is again permitted to expand, the creature becoming more 'buoyant 
ris(is towards the surface. 

(1700.) In the Perch, and many other fishes, this organ is entirely 
closed, so that there is no escai)c for the contained air ; and in such it 
has been found that if they are suddenly brought up by means of a line 
from any great depth, the gas, being no longer compressed by the weight 
of the column of water above, and having no exit, bursts the swimming- 
bladder, and sometimes distends the abdomen to such an extent, that it 
pushes the stomach and oesophagus into the fishes mouth. 

(1761.) In other cases, however, a provision is made apparently with 
the view of obviating such an accident, and a kind of safety-valve pro- 
vided through which the air may be permitted to escape ; thus, in the 
Carp, a tube communicates between the interior of the air-bladder and 
the oesophagus, and in {he Herring a similar communication is met Avith 
between this organ and the stomach. 

(1762.) The gas which fills the air-bladder has been found in many 

Secondly, that they are dismemberments of the lower jaw, which by the detachment 
of the opercular bones from the ramus is rendered more simple in its composition 
than in Reptiles, — a view proposed by M. de Blainville and temporarily adopted by 
Bojanus and Oken, but refuted by the complicated structure of the lower jaw in cer- 
tain sauroid fishes, as the Lepidosteus, which likewise possesses the opercular bofies-. 
Tliirdly, that they are parts of the dermal skeleton— in short, scales modified in sub- 
serviency to the breathing function, — an opinion first proposed by Prufessor Qwen, in- 
his Lectures on Comparative Anatomy at St. Bartholomew's Hospital in 1835, tend 
which is the view hero adopted. 
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cases to be nearly pure nitrogen ; but in fishes that live at a great depth, 
Messrs. Configliacchi* and Biot ascertained that oxygen was substituted, 
whence it has been presumed that this apparatus was in some ^^’^ay or 
other an auxiliary in respiration ; and some authors have even gone so 
far as to see in the swimming-bladder the representative of the lungs 
of aerial Yertcbrata. But, however this may be, the gas enclosed is 
indubitably a product of secretion, being derived cither from the lining 
membrane of the viscus, or from a glandular structui-o which may fre- 
quently bo distinctly pointed out in its interior. 

(1763.) Cuvier justly observes that, whatever opinions may be enter- 
tained relative to the use of the air-bladder, it is difficult to explain 
how so considerable an organ has been refused to so many fishes — not 
only to those which ordinarily remain quiet at the bottom of the water, 
as Skates and Elat-fishes, but to many others that apparently yield to 
none either in the rapidity or facility of their movements, such as the 
Mackerel for instance ; yet even while the common Mackerel {Svomher 
scomher) has no air-bladder, a very nearly allied species (Scomber pneu- 
mafophorns) is provided ^vith one ,* and of this many other instances 
might be adduced. 

(1764.) Erom the circumstances under which fishes seize and swallow 
their prey, it must bo evident that they are incapable of enjoying any 
very refned sense of taste. Those species which are carnivorous arc of 
necessity compelled to catch with their teeth, and thus retain a firm hold 
of the active and slippery food they are destined to devour. To divide or 
masticate their aliment would be impracticable ; and even were they per- 
mitted so to do, the water which perpetually washes through the interior 
of their mouths would obviously preclude the possibility of appreciating 
savours. In the construction of the mouth of a fish we therefore find, 
generally speaking, that every part has been made subservient to pre- 
hension : teeth, sometimes in the form of delicate spines, or else present- 
ing the appearance of sharp recurved hooks, have been fixed in every 
possible situation where they could be made available as prehensile 
organs ; not only are the jaws densely studded with these penetrating 
points, but they are occasionally placed on every bone which surrounds 
the oral cavity or supports the entrance of the, pharynx. The inter- 
maxillary, the maxillary, and the palatine bones, the vomer, the bran- 
chial arches, the pharyngeal bones, and even the tongue itself, may all 
support a dental apparatus, either of the same description or composed 
of teeth of different shapes ; generally, however, some of these bones 
are unarmed, and occasionally teeth of any kind are altogether wanting. 

(1765.) But if such is the most usual arrangement of the dental ap- 
paratas in fishes, we must be prepared to find, in a class so extensive 
as that we are now investigating, various modifications both in the form 

* “ SuU’ analisi dell’ aria contenuta nella vescica natatoria dei Pesci.” Pavia, 
1809, 4to. 
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and arrangement of the teeth, adapting them to the diverse habits and 
necessities of individual species ; and a few of these wo must not omit 
to notice in this place. 

(1760.) The Myacimj or Hag-fish, one of the lowest of the entire class, 
possesses no osseous framework to which teeth could be attached ; and 
yet, from the parasitical life which this creature leads, it has need of 
dental organs of considerable efficiency. The Myxine, feeble and help- 
less as the casual observer might sui)poso it, is in reality one of the most 
fonnidalfie assailants with which the larger fishes have to contend, since 
neither strength nor activity avail aught in defending them against a 
foe apparently so despicable. Fixing its mouth firmly to the skin of its 
comparatively gigantic victim, the Myxine bores its way into its flesh 
by means of a dental apparatus of a very extraordinary description. A 
single fang-like tooth is fixed to the median line of the palate, and the 
tongue is armed on each side with two horny plates deeply serrated : 
thus provided, the Myxine, when it attacks its prey, plunges its palatine 
hook into its flesh; and thus securing a firm hold, the lingual saws, 
aided by the suctorial action of the mouth, tear their way to its very 
vitals*. 

(1707.) In the Lamprey the whole interior of the mouth is studded 
with horny teeth, not merely fixed to the palate and tongue, but to the 
cartilaginous representative of the inferior maxilla and to the inner 
surface of the Ups. ^ 

(1708.) In the Carp tribe {Cyprinidee) the jaws are destitute of teeth ; 
but in the throat there is a singular apparatus serving for the mastica- 
tion of their food. The basilar bone at the base of the skull supports 
a broad three-sided dental plate, which might be compared to an anvil ; 
while the two inferior pharyngeal bones are each armed with four or 
five large teeth, so disposed that, by w^orking upon the piece first men- 
tioned, they bruise an^ triturate the aliment before it is permitted to 
pass into the digestive cavity. 

(1709.) In Skates {llaidm) the internal surface both of the upper 
and lower jaws is so covered with teeth, that they have the appearance 
of a tesseUatod pavement ; these teeth are sometimes flat and smooth, so 
as to be merely useful in crushing prey; but in many species they are 
prolonged into sharp'hooks adapted to prehension. 

(1770.) In Sharks a beautiful provision is met with. Several rows 
of teeth placed one behind the other are found laid flat, and concealed 
behind the jaw. One row only, composed of triangular cutting teeth, 
stands erect and ready for use ; but wW these fall off, blunted and un- 
fit for service, the next row rises to take their place ; and thus a succession 
of efficient weapons are given to th(^e terrific monsters of the ocean. 

• Professor Owen, ‘ Odontography ; or a Treatise on the Comparative Anatomy of 
the Teeth, their Physiological Relations, Mode of Development, and Microscopic 
Structure,’ &c. 4to. Bailli^re, 1840. 
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(1771.) Wc will not enlarge further upon this portion of our subject ; 
enough has been said for our present purpose, and the reader will find 
elsewhere abundant information*. 

(1772.) The teeth of osseous fishes are generally firmly anchylosed 
to the bones that support them, although in a few instances they are 
found fixed in sockets, as in the rostral teeth of the Saw-fish (Prlatis), 
and in the mouth of Sjihjnpnay Amnthunis, DkttjoihiSy &(;.t But there 
are other modes of attachment only met u4th among fishes, some of 
which are not a little curious ; and Professor Owen, in his truly splendid 
work above referred to, thus describes the most important : — 

In the Cod-fish, Wolf-fish, and some other species, in proportion as 
the ossification of the tooth advances towards its base and along the con- 
necting ligamentous substance, the subjacent portion of the jaw-bone 
receives a stimulus, and dovelojics a jiroccss corresponding in si/e and 
form with the solidified base of the tooth. In this case the inequalities 
of the opposed surfaces of the tooth and maxillary dental process fit into 
each other, and for some time they arc firmly attached together by a 
thin layer of ligamentous substance ; but in general anchylosis takes 
jilace to a greater or less extent before the tooth is shed. The small 
anterior teeth of the Angler {Lqiiifmis) arc thus attached to the jaw ; but 
the large posterior ones remain always moveably connected by highly 
clastic, glistening ligaments, which pass from the inner side of tlie base 
of the toSth to the jaw-bone. These ligaments do not permit tlie tooth 
to be bent outwards beyond the vertical position when the hollow base 
of the tooth rests upon a circular ridge growing from the alveolar mar- 
gin of the jaw ; but the ligaments yield to pressure upon the tooth in 
the contrary direction, and its point may thus bo directed towards the 
back of the mouth ; the instant, however, that the pressure is remitted, 
the tooth flies back, as by the action of a S 2 )ring, into its usual erect 
position. The deglutition of the prey of this voracious fish is thus faci- 
litated and its escape prevented, 

“ The broad and generally bifurcate osseous base of the teeth of Sharks 
is attached by ligaments to the ossified or semiossified crust of the carti- 
laginous jaws. The teeth of the Salarias and certain Mugiloids are 
simply attached to the gum. The small and closely-crowded teeth of 
the Kays are also connected by ligamejits to thd subjacent maxillary 
membrane. The broad tessellated teeth of the Eagle*-Kays have their 
attached surface longitudinally grooved to afford them better holdfast ; 
and the sides of the contiguous teeth are articulated together by true 
serrated or finely-undulating sutures, wfiich mode of fixation of the 
dental apparatus is unique in the animal kingdom. 

If the engineer would study the model of a dome of unusual strength 
and so* supported as to relieve from its pressure tho floor of a vaulted 
chamber beneath, let him make a longitudinal section of one of the 
* 1 ide Yarroll’s British Fishes. 8vo. 2 vols. t Owen, Odontograpiiy, p. 6, 
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pharyngeal tcetli of a Wrasse (Labniy'i), The base of this tootli is slightly 
contraeted, and is implanted in a shallow circular cavity, the rounded 
margin of which is adapted to a circular groove in the contracted part 
of the base ; the margin of the tooth, which immediately transmits the 
pressure to tlui bone, is strengthened by an inwardly projecting convex 
ridge. The m.'isonry of this internal buttress and of the dome itself is 
composed of hollow columns, evoiy one of which is placed so as to trans- 
mit in the due direction the superincumbent pressure. 

In another case, in which long and powerful piercing and lacerating 
teeth were evi<lcntly destined, from the strength of the jaws, to master 
the death-struggles of a resisting prey, we find the broad base of the 
tooth divided into a number of long and slender processes, which are 
implanted like piles in the coarse osseous substance of the jaw ; they 
diverge as they descend, and their extremities bend and subdivide like 
the roots of a tree, and arc ultimately lost in the bony tissue. This 
mode of implantation, which I have detected in a large extinct Sauroid 
fish is perhaps the most complicated which has yet been ob- 

served in the animal kingdom.” 

(1773.) For a full account of the growth and development of the 
teeth of Fishes, we must refer the reader ^o the same source from which 
■wo have oxtraciiid the preceding paragrajihs ; nevertheless the follow- 
ing is a brief abstract of Professor Owen’s views upon this subject. 

(1774.) In all fishes, the first step in the formation of a tooth is the 
production of a simple papilla from the surface cither of the soft external 
integument, as in the formation of the rostral teeth of the Saw-fish 
(Pristis)f or of the mucous membrane of the mouth, as in the rest of the 
class. In these primitive papillae there can be very early distinguished 
a cavity containing fluid, and a dense membrane {memhrana propria) 
surrounding the cavity (and itself covered by the thin buccal mucous 
membrane), which gradually becomes more and more attenuated as the 
papilla increases in size. The pulp-substance, or contents of the meyn- 
hrana propria f remains for some period in a fluid or semifluid condition ; 
granules are ultimately developed in it, which at flrst float loosely, or in 
small aggregated groups, in the sanguineo-serous contents of the pulp. 
These granules soon attach themselves to the inner surface of the ?wm- 
h'ana propriay if thdy bo not ^originally developed from that surface. 
The whole of the contents of the growing pulp becomes soon after con- 
densed by the numerous additional granules which are rapidly deve- 
loped in it after it has become permeated by the capillary vessels and 
nerves. The particles become arranged into linear series or fibres — an 
appearance which is first apparent at the superficies of the pulp, to wbich 
the fibres are vertical. At this period ossification commences in the 
dense and smooth memhram propria of the pulp, and is thence* con- 
tinued ccntripetally in the course of the above-mentioned lines towards 
the base of the pulp. Lastly, around the capillaries of the pulp the 
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granules become condensed into concentric layers, which then form the 
walls of minute tubes, visible on a microscopic examination of the sub- 
stance of the tooth. 

(1775.) In some genera, as and Cfhrysoi^hrys, an enamel-pulp 

is developed from tho inner surface of the capsule which surrounds the 
bone-pulp, and by this organ the surface of the teeth of such fishes is 
coated with enamel in a manner to be described more at largo hereafter. 

(1776.) In most osseous fishes, in addition to the lips (which, oven 
when fleshy, being destitute of proper muscles, would be unable to 
retain food in tho mouth), there is generally, behind the front teeth in 
each jaw, a valve formed by a fold of the lining membrane of the mouth, 
and (hrected backwards, so as efficiently to prevent the aliment, and more 
especially the water swallowed for the purpose of respiration, escaping 
again from tho oral orifice*. 

(1777.) Fishes have no salivary glands, as saliva to them would bo 
entirely useless : their oesophagus (fig. 317,^; fig. 327, d) is capacious and, 
from the circumstance of their having neither neck nor thorax, extremely 
short ; so that the food when seized is conveyed at once into the stomach. 

(1778.) Tho stomach itself is generally a wide cul-de-sac (fig. 317, h), 

* Fig. 317. 



Plan of the general arrangenjent of the viscera in a Fish. 

the shape and proportionate size of which vary of course in different 
species. Its walls are most frequently thin, and the lining membrane 
gathered into largo longitudinal folds (fig. 327, «), so as to admit of con- 

* Cuvior et Valenciounes, Histoire Naturelle des Poissons, p.307. 
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siderablo distention ; but occasionally, as for example in the Mullets, its 
muscular walls are so thick that it might almost deserve the name of 
gizzard, and in such fishes its power of crushing the food is no doubt 
considerable. 

(1779.) The intestinal canal in the osseous fishes is a simple tube 
(fig. 317, ^), folded in sundry gyrations proportioned to its length ; but 
in the cartilaginous families, such as the Sharks, the Hays, and the 
Sturgeons, it jjresents internally a very remarkable arrangement, evi- 
dently intended to increase the extent of surface over which the digested 
aliment may be spread, for the purpose of absorbing its nutritive por- 
tions. In these tribes a spiral valve (fig. 327, h) winds in close turns 
from the pyloric to the anal extremity of the capacious intestine ; so 
that, although externally the intestine appears short in proportion to 
the size of the animal, its mucous lining is exceedingly extensive. 

(1780.) In addition to the biliary secretion which we have met with 
in the lower animals, another system of chylopoietic glands for the first 
time makes its ai)pcarancc in the class before us, from which a fluid 
termed imncreatlc is poured into the intestine. In the osseous fishes 
this viscus presents the simplest condition of a gland, consisting of 
simple ca3ca (fig. 317, « n)\ sometimes, ds in the Perch, only three in 
number ; at others, as for instance in the Salmonida?, extremely nume- 
rous. Prom these appendages a glairy fluid, resembling saliva^yin com- 
position, is abundantly secreted, and becomes mixed with the bile im- 
mediately upon its entrance into the intestine. 

(1781.) In the cartilaginous fishes, such as Sharks and Hays, the 
pancreas exhibits a more perfect development, and already presents the 
appearance of a conglomerate gland (fig. 327, /), from which the pan- 
creatic fluid is conveyed into the intestine through a common duct. 

(1782.) The liver of fishes is proportionately very large, and generally 
contains abundance of oil. The bile derived from it is received into a 
gall-bladder (fig. 317, c), from which a duct of variable length in different 
species conveys it into the intestine, in the immediate vicinity of the 
pylorus. 

(1783.) It is in these animals that we for the first time find the 
biliary secretion separated from venous blood ; and consequently they are 
provided with a new arrangement of the blood-vessels of the abdomen, 
which they possess in common with the other Vertebrata, forming what 
is termed by anatomists the system of the vena portce. The veins de- 
rived from the stomachy the intestines, and the spleen, which last viscus 
now makes its appearance, instead of conveying their contents to the 
heart, plunge into the substance of the liver and there again subdivide 
into capillary tubes, thus fumisliing to the liver abundance of venous 
blood, from which the hepatic secretion is elaborated. 

(1784.) The spleen, now for the first time met with in the animal 
creation, is a highly vascular organ, generally enclosed in the mesentery 
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between two folds of the intestine (fij?. 317, and evidently, in position, 
presenting no precise relations with the stomach. It receives a largo 
Supply of arterial blood, which becomes converted into venous as it 
circulates through this organ, and in that state is transmitted to the 
liver through portal sj^stem of veins. 

(1785.) Another important addition to the animal economy, peculiar 
to the Vertebrate division of animals, is the lymphatic or ahsorhen 
system of vessels, which in Fishes are abundantly distributed through the 
body, and ramify like a rich network over the walls of the intestine. 
These pour the materials absorbed from the body, and the products of 
digestion, into the principal venous tranks, to be mixed up with the 
circulating blood 

(1786.) The circulation of the blood in Fishes is carried on by the 
assistance of a heart composed of two cavities only, which receives the 
vitiated blood after it has circulated through the system, and propels it 
through the branchim, where it is exposed to tlic influence of the oxygen 
contained in the surrounding medium. After being thus purified, the 
blood is collected from the respiratory organs by the radicles of tho 
branchial veins ; and these latter vessels, by their union, form tho aorta. 


A Fig. 318. B 



A. Heart of Lophius piscatorivs. B. Ordinary structure of a Fish’s heart. In both drawings, 
«, r -proBcnts the vena cava; b, the auricle; c, the ventricle ; d, the bulbus arteriosus; and 
e, the valvular apparatus guarding its commencement. 


There is, therefore, no systemic heart in Fishes, the aorta itself serving 
to propel the slow-moving blood in its course through the arterial 
system. 

* For a detailed account of the lympliatic system of Fishes, the reader is referred 
to the following authors -.—Monro, ‘ Aiiat. and Physiol, of Fishes,’ fol. ; Hewson, Phil. 
'Irans. 1709 ; Fohniann, ‘ Histoire geiieralo des Lymphatiques dcs Vcrlebres,’ Hei- 
delberg and Leipzig, fol. 1827. 
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(1787.) The heart (fig. 317, o) is enclosed in a pericardium, and situ- 
ated beneath ilio pharyngeal bones and branchial apparatus, the cavity 
in whi(ih it is lodged being separated from the peritoneum by a kind of 
tendinous diaphragm, and also by a capacious sinus, in which the venous 
blood derived from all parts of the body is collected preparatory to its 
admission into the heart. 

(1788.) The auricle of the heart (fig. 318, b, b) is contained within 
the pericardium : it varies greatly in form in different fishes, but its 
capacity is generally considerably greater than that of the ventricle ; and 
its walls are thin, but, nevertheless, present distinct fleshy columns. 

(1789.) The blood derived from the great sinus before mentioned 
enters the posterior part of the auricle of the heart by a large orifice, 
which is guarded by two membranous valves so disposed as to prevent 
the reflux of the blood during the contraction of the auricular chamber. 
The ventricle is strong and fleshy ; and at its communication with the 
auricle there is a strong mitral valve. The commencement of the 
branchial artery (fig. 318, a, d) is so muscular and capacious, that it 
might almost be considered as forming a second ventricular chamber : 
this portion, which has been distinguished by the name of the bulb 
(hulhus arterwsus)f is separated from the ventricle by strong valves ; and 
in the cartilaginous fishes, as, for instance, in the Shark, there are several 
rows of semilunar valves (fig. 318, b, e), so disposed as most efficiently 
to prevent the blood from being driven back again into the ventricle. 
In the heart of Lophius (fig. 318, a), the conformation of the cavities is 
very peculiar : the auricle (6) is large and pyriform, and the ventricle 
(c) of a globular shape. But the most singular feature in its structure is 
the valve between the ventricle and the bulb {d ) : this is a soft fleshy 
protuberance (e), perforated in the centre, which projects into the cavity 
of the bulb, and allows the blood to pass freely in one direction ; but the 
sides of the canal collapse, and close the orifice, if the blood is forced 
back from the bulb towards the ventricle, 

(1790.) Issuing from the pericardium, the branchial artery runs be- 
neath the centre of the branchial apparatus, dividing into as many trunks 
as there are branchial arches, to each of which a vessel is given off. 

(1791.) To each branchial arch are attached a great number of vas- 
cular lamellae placed parallel to each other, like the teeth of a comb. 
The branchial artery, which runs in a groove situated upon the con- 
vexity of the corresponding arch, sends off a twig to every one of tlieso 
lamime ; and this vessel, after twice bifurcating, divides into an infinite 
number of little ramuscules, which run across both surfaces of the 
branchial fringe, and terminate by becoming converted into capillary 
veins. 

(1792.) The radicles of the branchial veins all open into a venous canal 
which runs along the internal margin of each lamella, and these last 
terminate in the great vein of the corresponding branchial arch, which 
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runs in the same groove as the artery, but is more deeply situated, and 
moreover nins in the opposite direction : that is to say, the branchial 
artery, derived from the heart, and coming from the ventral aspect 
of the body, diminishes in size as it mounts towards the back, and gives 
off twigs to the branchial fringe ; whereas the branchial vein, on the 
contrary, rccci^dng blood from the lamella) of the branchia, increases in 
diameter as it approaches the dorsal region. 

(1793.) On leaving the gills, the branchial veins assume the appear- 
ance and perform the function of arteries. The anterior, even before 
escaping from the branchial arch, gives off ramifications to different 
parts of the head ; and the heart and parts adjacent likewise receive 
their supply of arterial blood from a branchial vein. 

(1794.) The veins derived from all the branchial arches ultimately 
unite and form the aortaj which evidently corresponds to the aorta of 
Mammalia, although it has neither auricle nor ventricle at its com- 
mencement. 

(1795.) The aorta, while in the abdomen, runs beneath the spine, and 
gives arteries to the viscera in the usual manner ; but at the commence- 
ment of the tail it becomes enclosed in the inferior vertebral arches, by 
which it is defended to its termination. 

(1796.) There is yet another set of organs, which, as we ascend from 
inferiof to higher forms of animal life, we encounter for the first time in 
the class before us — an apparatus for elaborating the urinary secretion, 
which is peculiar to the Vertobrato classes. 

(1797.) The kidneys in Fishes are very voluminous : they are situated 
on each side of the mesial line, immediately beneath the bodies of the 
vertebrae, and extend along the whole length of the abdomen, not un- 
frequently reaching to the base of the skull, where their anterior por- 
tion (fig. 317, f) lies above the branchial apparatus. The ureters (fig. 
317, /) generally terminate in a kind of bladder-like dilatation, the ori- 
fice of which is found behind that of the vulva (.s). 

(1798.) Examined minutely, the substance of the kidney is found to 
be entirely composed of microscopic tubules, which terminate in the 
ureters : these uriniferous tubes are variously contorted, but of equable 
diameter throughout ; and they end, towards the periphery of the kidney, 
in blind extremities. 

(1799.) The skin of these aquatic animals is perpetually lubricated 
by an abundant mucous secretion furnished by muciparous follicles, or 
secreted in long tubular organs placed beneath the skin. In the Skate 
the vessels last mentioned are remarkably large, and their distribution 
very extensive. 

(1800.) The brain of an adult fish occupies but a small portion of 
the cranial cavity, — the space between the pia mater ^ which invests the 
brain, and the dura mater ^ which lines the skull, being occupied by a 
loose cellular tissue filled with fluid : there is consequently no serous or 
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arachnoid cavity, such as exists in Man. It has been remarked that the 
interval between the cranium and the brain is considerably less in young 
than in mature fishes — a fact which sufficiently proves that in them the 
brain does not grow in the same proportion as the rest of the body ; and, 

Fig. 319. 



Brain and cerebral nerves of the Perch (after Cuvier): a, the cerebellum; 6, ccr(>'.)rum; 
c, olfactory ganglia ; t, bulbous commencement of the olfactory nerve ; o o, olfactory nerve, ter- 
minating in the nasal capsule; n, optie nerve; p, q, third, fourth, and sixth pairs of nerves, 
appropriated, as in Man, to the muscles of the eyeball ; a, ophthalmic branch of the fifth 
pair; /3, superior maxillary branch of ditto ; 9, inferior maxillary branch of ditto ; ft, opercular 
branch ; f, branch of the fifth pair, mounting upwards to join ©, a branch from the eighth pair, 
running to supply the dorsal region of the body ; $ «, auditory nerve ; 1 1\ nerves belonging to 
the eighth pair ; te, r, nerves answering to the spinal recurrent. 

indeed, the size of the brain is nearly equal in individuals of the same 
species, even although the body of one bo twice as large as that of the 
other 

(1801.) In these, the lowest forms of Vertebrata, the brain consists 
of several masses placed one behind the other, either in pairs or singly ; 
these masses, in fact, may be regarded as so many distinct ganglia, the 
complexity and perfection of which we must expect to become gradually 
increased as we proceed upwards towards mammiferous quadrupeds. 

(1802.) The anterior pair of ganglia (figs. 319, c ; 320 ; 322, a) 
invariably give origin to the olfactory nerves, and consequently may 
be justly looked upon as presiding over the sense of smeU, These 
ganglia arc, in fact, the representatives of those masses which in Man 
are erroneously called the “ olfactory nerves ; ” for even in the human 
subject, although their real nature is obscured by the enormous develop- 
ment of other parts of the encephalon, the so-called nerves are not 
nerves at all, but really lobes of the brain from which the true nerves 
emanate. 


* Cut. et Val. op. ctV. 
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(1803.) The olfoctory nerves of Eishes, derived from the lobes alluded 
to, vary greatly in composition and proportionate size : sometimes they 
are quite capillary ; sometimes thick, though still simple ; occasionally 
they are double or triple, and in some cases are composed of numerous 
fibres bound up in fasciculi. 

(1804.) The organs of smell to which these ner\'cs are destined are 
of very simple structure : — ^Two 
excavations arc found near 
the anterior part of the snout, 
lined a delicate pituitary 
membrane, which is variously 
folded, in order to increase the 
extent of the sentient surface 
(fig. 320) ; and it may be pre- 
sumed that, from the number of 
plicae, which varies amazingly, 
some estimate maybe formed of 
the relative perfection of the 
sense of smell in different genera. 

Into each olfactory chamber* the 
water is freely admitted by two 
distii^f orifices, while behind 
the pituitary membrane the ol- 
factory nerve swells out into a 
ganglion (fig. 322, i), from which 
nervous fibrils radiate, to be dis- 
tributed over the plicated lining of the nose (A:), 

(1805.) The second pair of ganglia met with in the brain of a Fish 
(fig. 322, h) give origin to the optic nerves ( 2 ), and may therefore very 
properly be regarded as representing the txihercula quadriyemina of the 
mammiferous brain. The nerves of vision derived therefrom have no 
commissure, and present in many species a peculiar structure which is 
not a little remarkable, each nerve being composed of a broad band of 
nervous substance, folded up like a fan, and enclosed in a dense mem- 
brane, so that when unfolded it presents the ^appearance delineated at 
fig. 321, A. 

(1806.) The eye itself differs in many points of structure from that of 
terrestrial Vortebrata, its organization being of course adapted to bring 
the rays of light to a focus upon the retina in the denser clement in 
which the fish resides ; the power of the crystalline lens is therefore 
increased to the utmost extent, and the antero-posterior diameter of the 
eyeball necessarily contracted in the same ratio, in order that the retina 
may be placed exactly in the extremely short focus of the powerful lens. 

(1807.) The eyes of all the Vertebrata are constructed upon princi- 
ples essentially similar, and present the same tunics and lenses as arc 


Fig. 320. 



Organ of smell in the Skate, 
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mot with in the human eye, and, generally speaking, arran^d in the 
same manner as in Man. It is not our intention, therefore, in the fol- 
lowing pages minutely to describe the anatomy of the eye in every class 
which will come under our notice ; but taking tho human eye, with the 
construction of which wo presume our readers to be intimately acquainted, 
as a standard of comparison, point out those modifications of the general 
type of structure common to this division of animated nature. 

(1808.) The first thing which strikes the attention of the anatomisi, 
when examining the eye of a fish, is the size of the crystalline lens, and 



A 

structure of the eye in Fishes. 


its spherical form. This shape, and the - extreme density of texture 
which the lens exhibits, are, indeed, perfectly indispensable. The 
aqueous humour, being nearly of the same density as the external ele- 
ment, would have no power in deflecting the rays of light towards a 
focus, and consequently the aqueous fluid in fishes is barely sufficient in 
quantity to allow the free suspension of the iris : tho vitreous humour, 
from the same reason, vfould be scarcely more efficient than the aqueous 
in changing the course of rays entering the eye, and hence the necessity 
for that extraordinary magnifying power conferred upon the lens. 

(1809.) But the focus of the crystalline will be short in proportion as 
its power is increased : every arrangement has therefore been made to 
approximate the retina to the posterior surface of the lens ; the eyeball 
is flattened, by diminishing the relative quantity of the vitreous humour ; 
and a section of tho eye (fig. 321, b, c) shows that its shape is tery far 
from that of a perfect sphere. This flattened form could not, however, 
have been maintained in fishes, had not special provision been made for 
the purpose in the construction of the sclerotic : the outer tunic of the 
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eye, therefore*, generally contains two cartilaginous plates imbedded in 
its tissue, which are sufficiently firm in their texture to prevent any 
alteration in the shape of the eyeball ; and in some of the large fishes 
the sclerotic is actually converted into a cup of bone presenting orifices 
at the opposed extremities — one for the insertion of the transparent 
cornea, the othey for the admission of the optic nerve. 

(1810.) The vitreous humour and crystalline lens in many fishes arc 
kept hi situ by a ligament placed for the purpose. This is a delicate 
falciform membrane derived from the retina (fig.321,B,c), which plunges 
into the vitreous humour, and, being continued along the internal con- 
cavity of the eye, is fixed to the capsule of the lens. In some fishes, as 
the Salmon, this ligament is of a dark colour ; and in the Conger there 
are two such hands, by whidh the crystalline is suspended as by its 
opposite poles. 

(1811.) Another peculiarity in the structure of the visual apparatus 
of osseous fishes is the existence of a vascular organ placed at the back 
of the eyeball, and interposed between the choroid tunic and a brilliant 
metallic-coloured membrane which invests the choroid externally. This 
organ, generally called the choroid gland ’’ by the older anatomists 
(fig. 321, A, gg)f is of a creseciltic fonn, and always of a deep-red colour. 
It is principally made up of blood-vessels, which run parallel to each 
other ; /md from it issue other vessels, frequently very tortuous, and 
always much ramified, which form a vascular network in the choroid. 
The nature of this organ it is not very easy to determine. Some have 
believed it muscular ; but the striae perceptible in it are vascular, and 
not fibrous : others have thought it to be glandular; but it has no ex- 
cretory duct. Most probably it is an erectile tissue analogous to that of 
the corpus cavernosum, and has some infiuence in accommodating the 
form of the eye to distances, or to the density of the surrounding 
medium*. 

(1812.) The pupil of the eye in the animals wc are describing is very 
large, so as to take in as much light as possible, but generally motion- 
less. In some genera the shape of the aperture is curious ; thus in the 
Kays a broad palmate veil hangs in front of the pupillary aperture ; and 
in one case, the Anahleps, there are two pupils to each eye. 

(1813.) The eyes of osseous fishes are lodged in the bony orbits of 
the face, imbedded in a soft glairy ccllulosity; but in many of the car- 
tilaginous tribes, such as the Sharks and Kays, each eyeball is moveably 
articulated to the extremity of a cartilaginous pedicle fixed to the bottom 
of the orbital cavity (figs. 322, i, & 321, c). 

(1814.) Six muscles serve to turn the eye in different directions; 
namely, four recti, arising, as in Man, from the margin of the optic 
foramen ; and two oblique muscles, derived from the anterior part of the 
orbit, and inserted transversely into the globe. These muscles are well 
* Cuv. et Val. (p. cit, p. 338. 
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represented in fig. 322, wherein the reader will observe thtft the superior 
oblique does not pass through a pulley, as is the case in the human 
subject. 

Fig. 322. 



Brain and cerebral nerves of the Skate : a, olfiactory gani^lion ; b, c, cerebrum ; d, cerebellum; 
e, medulla spinalis; the eyeball ; t, its cartilaginous pedicle ; X:, olfactory sac; 1, distribution 
of the olfactory nerve. 

(1815.) It is extremely remarkable that even in fishes the muscles 
of the eye have special nerves appropriated to them, and those precisely 
the same as in the highest Mammalia. The third pair of nerves 
animates them all, except the external rectus and the superior oblique, 
and also sends off filanmnts to be distributed to the choroid, although no 
ophthalmic ganglion has yet been discovered. The fourth pair is ex- 
clusively appropriated to the superior oblique ; and the external rectus, 
or abductor muscle, invariably receives its supply from the sixth pair. 

(1816.) To animals whose eyes arc constantly washed by the water 
in which they live, any lacrymal apparatus would obviously be super- 
fluous ; and consequently, in the class before us, neither lacrymal gland 
nor lacrymal puncta, nor even eyelids, properly so called, are ever 
met with. 

(1817.) Behind the optic lobes of a fish’s brain the ganglia from 
which the other cerebral neiwes emanate become confused into one mass, 
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so that they are no longer distinguishable from each other. The nerves 
themselves, however, are easily recognized, and, with the exception of the 
ninth pair (the lingual or hypoglossal nerves), which are not met with 
in fishes, both in their distribution and number precisely accord with 
those with which the human anatomist is familiar. We have already 
traced the third, fourth, and sixth pairs to the muscles of the eye. The 
fifth issues through the great ala of the sphenoid, and divides, as in Man, 
into an ophthalmic branch (fig. 319, a), which runs through the orbit 
to be distributed to the parts about the nose; a superior maxillary 
branch (j3), that supplies the parts about the upper jaw; and an in- 
ferior maxillary branch (0), destined to the lower jaw : the general 
distribution of the neire, as far as regards the face, is in fact exactly 
similar to that of the same nerve in Man ; but in fishes it is found to 
give off other branches not met with in the human subject, one of which 
(ju) is destined to the operculum. Another (^) takes a very remarkable 
course : it mounts up to the top of the skull, joins a largo branch of the 
eighth pair (0), and, issuing from the cranium through a hole in the 
parietal and interparietal bones, passes along the whole length of the 
back on each side of the dorsal fin, receiving twigs from all the inter- 
costal nerves, and supplying tlie muscles of the fin and the fin-rays 
themselves. 

(181^ This branch is superficial until it reaches the little muscles 
that move the fin. It has sometimes other branches, equally superficial, 
which descend to the anterior parts of the muscles of the trunk above 
the pectoral fins ; and others which run as far as the anal fin, where 
they form a longitudinal nerve similar to that of the back. 

(1819.) The seventh pair of cerebral nerves (fig. 319, s s), in fishes 
as in all other Vertebrata, is devoted to the organ of hearing, and brings 
to the sensorium the impressions of sound. 

(1820.) The sense of hearing in these creatures must necessarily be 
very imperfect ; they have neither an external ear nor a tympanic 
cavity, and consequently are entirely destitute of a memhrana tympani 
and of the ossicles of hearing ; they have neither Eustachian tube nor 
fenestra ovalis ; the labyrinth alone, and that more simple in its com- 
position than the labyrinth of the human car, is all that the anatomist 
meets with in this first appearance of an auditory apparatus among the 
Vertebrate classes. 

(1821.) The accompanying figure (fig. 323) represents the ear of a 
very large fish, the Lophius piscatorius ; and the student will have little 
difficulty in at once recognizing all the parts of which it consists. The 
soft parts of this simple ear are not enclosed in bony canals, as in the 
human subject, but the membranous labyrinth is lodged in a wide 
cavity on each side of the cranium ; so that little dissection is necessary 
to expose the entire organ, which is surrounded on all sides with the 
same kind of oily or mucilaginous fluid which fills up the wide inter- 
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space that exists between the brain and the dura mater lining the inner 
surface of the skull. 

Fig. 323. 



Auditory apparatus of the Skate. 

(1822.) As in all other Vertebrata, there are three semicircular 
canals, disposed nearly as in the human ear, and each dilated in like 
manner into an ampulla which receives the filaments of the acoustic 
nerve. Two of the semicircular canals coalesce before they ^en into 
the vestibule, so that there arc only five orifices whereby the thfce semi- 
circular canals communicate with the vestibular cavity. 

(1823.) The membranous vestibule (supported in the figure by two 
pins) is of variable shape, and its walls are very delicate. Its cavity, 
as well as the interior of the semicircular canals, is filled with a trans- 
parent glairy fluid ; and it moreover encloses certain hard bodies (ofo- 
UtJis), generally three in number, suspended by delicate filaments in its 
interior. 

(1824.) The otoliths of osseous fishes are of a stony hardness, resem- 
bling shell, and their structure is nothing at all like that of bone. 

(1825.) Their shape varies in different species, but, nevertheless, is 
so constantly the same in fishes of the same kind, that the forms of these 
pieces might be employed as an important zoological character. 

(1826.) In the cartilaginous fishes the otoliths are quite soft, resem- 
bling starch : in both classes they are composed principally of chalk, 
and effervesce strongly when dissolved in acids. 

(1827.) The auditory nerve gives a filament to each of the semicir- 
cular canals, which penetrates into the ampulla of the canal to which it 
is destined, and there spreads out ; but the larger portion of the nerve 
is distributed over the vestibular sacculus, where it forms a beautiful 
network. 

(1828.) There is no cochlea, although some writers imagine that they 
can distinguish a rudiment of this part of the ear in a slight projection 
from the walls of the vestibule. 
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(1829.) The ears of fishes, therefore, are much less perfect than those 
of other Vertebrata* : deprived of tympanum, of ossicles, and of Eusta- 
chian tube, they can scarcely receive the impressions produced by the 
vibrations of the ambient element, except by those vibrations being 
communicated through the cranium; and moreover, the membranous 
labyrinth not being enclosed in bone, the skull can only transmit these 
movements in a very feeble and imperfect manner. The absence of a 
cochlea would go far to prove that the ear of fishes cannot appreciate 
the differences of tones. All that it offers to the physiologist is a mem- 
branous apparatus endowed with great sensibility, in which the nervous 
filaments distributed in the ampullse of the semicircular canals must 
necessarily partake of all the movements of the fluid in which they are 
plunged, and where those appropriated to the vestibule must be still 
more strongly agitated by the shocks that these movements give to the 
otoliths contained in its cavities. 

(1830.) It is probable, therefore, that fishes hear, that noise pro- 
duces in them a powerful sensation, but that they cannot distinguish 
or appreciate difierences of tone, as the higher animals are enabled to do. 

(1831.) The nerves composing the eighth pair preside over the same 
functions in all the Vertebrata. The glosso-pharyngeal sends twigs to 
the first branchial arch, the fauces, and the tongue. The nervus vagus 
(fig. 31^, t) supplies the thred posterior branchise and the lower part 
of the** pharynx ; it is then continued along the oesophagus to the 
stomach, where it terminates ; it thus presides over the same functions 
in all the Vertebrate classes ; and it is not a little interesting to see it 
even in fishes distributed to the organs of respiration, notwithstanding 
the peculiarity of their structure and position. In these creatures, how- 
ever, it likewise furnishes nerves to other parts of the body, especially 
a long branch, which generally runs in the substance of the lateral 
muscles of the trunk, communicating with the spinal nerves and giving 
off filaments to the skin — an arrangement the physiology of which is not 
as yet understood. The next pair of cerebral nerves in the animals 
under consideration would seem to represent the spinal recurrent of the 
human subject ; it supplies the swimming-bladder and the muscles of 
the shoulder. 

(1832.) All the above nerves posterior to the optic arise from a chain 
of ganglia constituting the medulla oblongata ; but above these are 
situated other important masses entering into the composition of the 
encephalon, from which no nerves take their origin, viz. the cerebral 
hemispheres and the cerebellum, 

(1833.) The cerebral hemispheres in all the Vertebrata are undoubt- 
edly the seat of the mental powers ; and as this portion of the braia 
becomes developed and perfected, brutality and stupidity give place to 
sagacity and intelligence. 

* Cuv. et Val. op. cif. p. S-i?. 
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(1834.) In the higher quadrupeds, and more especially in Man, the 
proportionate size of the hemispheres of the brain is so enormous that 
they overlap and conceal all the parts we have been describing ; but as 
we descend to lower forms their relative dimensions become gradually 
smaller and their structure less complicated, until in fishes, the least 
intelligent of all the creatures belonging to this great division of the 
animal kingdom, they are found in such a rudimentary condition that 
they are frequently far inferior in size even to the olfactory or optic 
ganglia (fig. 322, c). 

. (1835.) The lobes representing the hemispheres in fishes (fig. 324, 5) 
are quite smooth externally, and within are hollowed into a large ven- 
tricle, in the floor of which is seen the upper surface of the optic 
ganglia (fig. 324, b, c 2). They present none of that complication of 
parts met with in the brains of higher orders : their inner surface is 
lined with transverse fibres (A), and a simple commissure passes across 
the anterior part of the ventricle, bringing the two sides into communi- 
cation with each other ; behind the commissure a passage leads to the 
third ventricle, the infundibulum, and the pituitary gland. 


Fig. 324. 



ABC 


Brain of the Perch (after Cuvier): a, cerebellum; b, cerebrum; e, olfactory ganglia ; 
i, olfactory nerves ; d, optic ganglia ; g, supplementary lobe ; h, transverse fibres in the 
walls of the cerebral ventricle; n, commissure of the optic nerves; p, q, r, 8, t, m, the 
third, fourth, fifth, sixth, seventh, and eighth pairs of cerebral nerves. 

(1836.) The cerebellum (fig. 324, a) is at once recognizable from its 
position and singleness. In the Perch its form is that of a blunted cone, 
with the summit directed slightly backward ; but the shape and relative 
dimensions of this part of the brain are extremely variable. It consists, 
in fishes, only of the central portion (processus vermiformis), so that 
there are neither lateral lobes nor pons Varolii ; its surface is composed 
of cineritious substance, and in its centre is a ramified meduUary axis 
containing a ventricle. 

(1837.) One very remarkable feature in the structure of the ence- 
phalon of fishes is the existence of supplementary lobes (fig. 324, ^), 
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placed behind the cerebellum, which are sometimes united by a com- 
missure : occasionally, as in the Trigla^ there arc as many as five pairs of 
such supplementary masses ; but probabl)^ instead of regarding these 
as belonging to the brain, it would be more proper to consider them as 
being merely the first ganglia composing the spinal cord enormously de- 
veloped in proportion to the importance of the nerves which they give 
off to the pectoral fins. 

(1838.) The spinal nerves of fishes arise by double roots from the 
sides of the medulla spinalis, which generally extends from one end of 
the canal formed by the superior vertebral arches to the other. The 
posterior roots are dilated into ganglia soon after their origin, but the 
ganglia are extremely minute. The spinal cord of the Moon-fish 
(Orihagoriscus Mola) is, however, an exception to the usual conforma- 
tion : in this remarkable fish the spinal ganglia are all collected into a 
stunted mass placed immediately behind the brain ; and from this all 
the spinal neiwes are given oflT, in the same manner as those forming the 
cauda equina in the human subject. 

(1839.) The sympathetie system in the creatures we are now exa- 
mining is of very small size when compared with that met with in the 
higher Vertebrata j nevertheless it occupies the usual position, and com- 
municates, as in Man, with the commencements of the spinal nerves. 

(18#..) There are few subjects more calculated to arrest the attention 
of therphysiologist than the progressive development of the generative 
system in the Vertebrate classes ; and it is not a little interesting to 
watch the gradual appearance of additional organs, both in the male and 
female, as we advance upwards in the series of animated beings from 
the cold-blooded and apathetic fishes. In its simplest condition, the 
whole generative apparatus, even of a vertebrate animal, is in both sexes 
merely a capacious gland provided with an excretory duct, wherein, in 
the female, ova are secreted, and in the male a fecundating fluid is ela- 
borated from the blood. The eggs of the female, when mature, are ex- 
pelled from the nidus in which they were formed, and cast out into the 
surrounding water. The male, urged apparently rather by the necessity 
of getting rid of a troublesome burden than by any other feeling, ejects 
the seminal secretion in the same manner ; and the feeundating fluid, 
becoming diffused through the waves, vivifies the eggs with which it is 
casually brought into contact. Such is the whole process of reproduc- 
tion in the osseous fishes. 

(1841.) In the females of such fishes, the ovary, or roe, as it is gene- 
rally called, consists of a wide membranous bag, ordinarily divided into 
two lobes, but sometimes, as in the Perch, single (fig. 317, q). This 
extensive organ, when distended with ova, fills a large proportion of the 
abdominal cavity ; and its lining membrane is folded into broad festoons, 
wherein the ova are formed, and lodged until sufficiently mature for ex- 
pulsion. When ripe, the eggs escape into the cavity of the ovary, and 
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are expelled in countless thousands into the surrounding element through 
the orifice of the ovarian sac (fig. 317, r), which is situated immediately 
behind the anus (k) and in front of the urinary canal (s). 

(1842.) Generally, as has been already stated, the ova of fishes are 
fecundated after their expulsion ; but there are a few instances, as for 
example the Viviparous Hlenny {Zoarcus viviparm) of our own shores, 
in which the young are hatched in the ovary, and grow to a consider- 
able size before they are bom : in such cases impregnation must take 
place internally ; and the males in these species have, in fact, a nipple- 
like prolongation of the orifice of the duct through which the semen 
escapes, probably for the purpose of introducing the seminal fluid into 
the interior of the ovary of the females. Nevertheless even in these 
the ovaria present the same structure as in ordinary fishes, — the only 
difference being that their eggs are retained until the embryo is far ad- 
vanced in its development, instead of being prematurely extruded. 

(1843.) The testicle in the males of osseous fishes, generally named 
“ the milt,” equals in bulk the ovary of the other sex ; and the quantity 
of the secretion furnished by it must be exceedingly great. The entire 
organ is composed of slender and very delicate convoluted caeca, in which 
the semen is elaborated. These tubes towards the circumference of the 
testis all terminate in blind extremities, but by their opposite ends they 
communicate with the general excretory*duct ; so that, by blo^g air 
into the latter, the entire organ becomes amazingly distended. Ifl some 
cases the seminiferous tubules run parallel to each bthor, and become 
furcate as they approach the exterior of the testis : in others, after di- 
viding and subdividing to some extent, as they diverge from the common 
duct, they become converted into innumerable anastomosing ramifica- 
tions ; so that the whole substance of the testis appears to bo made up 
of reticulate tubes, which during the spawning season, when they are 
filled with the creamy fluid that they secrete, are visible even with the 
naked eye*. 

(1844.) It will be observed by the anatomical reader, that while in 
the Osseous Fishes the ova escape into the interior of the ovary, and 
are expelled through an excretory orifice resembling the duct of an 
ordinar^^ gland, in the Cahttlaqinous Fishes and in all other Veete- 
EEATA the germs burst from the exterior of the ovarium, where they are 
generally seized by Fallopian tubes, and either conveyed out of the 
body as eggs, or, being hatched internally, the offspring are nourished 
in receptacles provided for the purpose, until they arrive at a consider- 
ably-advanced state of development. 

(1845.) But it is only by degrees that these more perfect ovigerous 
organs make their appearance, and we would particularly solicit the at- 
tention of the student to the different gradations of structure mot with 
in this part of the animal economy. 

* Miiller, Do Glandularum SfcructuiA ponitiori. Lipsice, fol. 1830. 



G66 


PISCES. 


(1846.) In the Eel and the Lamprey we have the first appearance of 
an ovary such as is common to the higher Vertebrata. It consists of a 
very extensive vascular membrane covered by the peritoneum, and 
attached in broad folds beneath the spine, extending nearly from one 
end of the abdomen to the other (fig. *325). This visciis is not hollow, 
neither has it any excretory duct ; so that naturalists were long at a loss 
to explain how the ova of these creatnres were expelled. 


(1847.) The extensive membrane 
above alluded to, as is now sufficiently 
well determined, produces in its sub- 
stance the germs of the future pro- 
geny; and these, as they become 
mature, break loose from the nidus 
wherein they wore generated in the 
interior of the peritoneal cavity of the 
Eel, and float loosely in the abdomen. 
There is no Fallopian tube as yet de- 
veloped; but two simple orifices, 
placed on each side of the anal open- 
ing, serve to give exit to thS count- 
less eggs which thus escape into the 
surro^ding water. • 

(1^8.) The male organs of the 
Lamprey and Eel, together with the 
ovaria of the female, and the kidneys 
and ureters, were accurately de- 
scribed by Hunter in the Catalogue 
of his Collection, and their form and 
structure are illustrated by the pre- 
parations and drawings still pre- 
served in the College of Surgeons * ; 
but in such fishes the testis of the 
male so exactly resembles the female 
ovary, that it was imagined even by 
Sir E. Home that no males existed, or 
that the females were themselves her- 
maphrodite. According to Kathke f. 


Fig. 325. 



however, the testes of the male arc Bi'^roductive organs of the Lamprey 

composed of solid granules, precisely iPetromyson mariniu). 

like the female ova ; and the secretion derived from them is in like 
manner allowed to escape into the abdomen, from which it is expelled 
through similar openings in the peritoneum. 


(1 840.) In the Sharks and Rays we meet with a very important addi- 


* Sco Physiological Catalogue, vol. iv. pp. 48, 129, pis. 59 & GO. 
t NeucsU) Sclirifteii der naturforsclioiidon Gesellscliaft zu Danzig. Halle, 1824. 
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lion to the female sexual apparatus, namely, an oviduct, by which the 
germ is seized on its escape from the ovarium, and furnished with the 
additional covering necessary in such fishes for the security of the fetus. 

(1850.) In these genera the folds of the ovarian membrane become 
less cxtcnsivcl}^ spread out, and, from the size of the yelks of the eggs 
formed therein, the organ assumes a racemose appearance. The ovaries 
now form two large hunches placed on each side of the spine ; and the 
ova wlicn mature would necessarily escape into the abdominal cavity, as 
those of the Lamprey and Eel do, were they not seized by the patulous 
orifices of the two long and membranous oviducts whereby they are con- 
veyed out of the body. 

(1851.) There is, moreover, in the CnoNDROPTERYOiAN Fishes, a 
necessity for defending the young, during the earlier stages of their 
growth, by means which it would have been quite foreign to the pur- 
poses of Nature to have adopted in the other division of this extensive 
class. The earth is peopled only at its surface, and the vegetable ban- 
quet there spread is abundantly sufficient for the support of terrestrial 
beings. The ocean, however, 
being densely populated at every Eig. 326. 


assignable depth, could never 
have supplied vegetable food to 
anything like the extent re- 
quired to satisfy her progeny ; 
hence therefore the necessity 
for that astonishing fertility so 
remarkable in the osseous fishes. 
Nine millions of ova have been 
calculated to bo spawned at a 
birth by a single Cod-fish : such 
spawn, being naked and unpro- 
tected, is eagerly devoured by 
thousands of hungry mouths, or 
the feeble young soon fall a prey 
to countless voracious perse- 
cutors. If, however, it was ob- 
viously requisite that the pro- 
geny of osseous fi'ffies should be 



thus multitudinous in order to Egg of the shark, 

provide a sufficiency of needful 

food, it is equally clear that it would have been incompatible with the 


design of the Creator that the ravenous Sharks should be endowed with 


equal fecundity ; their eggs are consequently few in number ; and, in 


proportion to their scarcity, jealous precaution must be taken to ensure 


the safety of the included young, in order to prevent the complete 


extinction of the race. 
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(1852.) The means employed for this end are simple and beautiful. 
About the middle of the oviduct of the female there is a thick glandular 

Fig. 327. 



ViBccra of the 8hark,in«<«: a, the heart; 6, gill-openings; cec, lobes of the liver- 

d, e./.fc.alimenta^canal;t, appendage to the intestine;. 9, biliary duct; n, the testis’ 

cavitT^fchlpers*'’^*^^^ communicating with the peritoneal 


mass, destined to secrete a horny shell, in which the yolk and wliitc of 
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the egg become encascfl. The egg when complete has somewhat the 
shape of a pillow-case, with the four comers lengthened out into long 
tendril-like cords (fig. 326), whereby the egg is entangled amongst the 
sea-weed at the l)ottom of the ocean. A brittle egg-shell would soon bo 
destroyed by the beating of the waves; hence the necessity for the 
corneous nature of the envelope ; and j^ct, how is the feeble embryo to 
escape from such a tough and leather-like cradle ? This likewise has 
been provided for : the egg remains permanently open at one extremity, 
or, to carry out our humble simile, one end of the pillow-case is left 
unsown; the slightest pressure from within, therefore, separates the 
valvular lips of the opening ; and no sooner has the little Shark thus 
extricated itself from its confinement than the two sides close again so 
accurately that the fissure is not at all perceptible 
( 1 853.) The sexual organs of the male Chondropterygii are very re- 
markable, and their real character is not properly understood. The 
testicle (fig. 327, n) is large, and occupies the same position as the ovary 
of the female ; but the singularity of this testis consists in its being 
made up of two portions, one of which has an excretory duct, while the 
other, although equally bulky, has none. 

(1854.) The former portion, when mintftely examined, is composed 
of an immense assemblage of floxuous secerning vessels, that pour their 
secretion into a long and tortuous vas deferfins (o), which, after rAning 
in a zigzag course nearly the whole length of the abdomen, dilate^to 
a capacious reservoir of semen (p), and ultimately terminates with its 
fellow of the opposite side in a conical fleshy organ (^), which may be 
presumed to answer the purpose of an intromittent apparatus. 

(1855.) The second portion of the testis appears to consist of globular 
bodies having no excretory duct whatever ; and it is not impossible that 
this is an organ analogous to the testis of the Lamprey, and that its 
secretion escapes into the abdominal cavity, to be expelled through two 
oriflees {s s) situated on each side of the anus, whereby a free communi- 
cation exists between the interior of the peritoneal sac and the external 
surface of the body. 

(1856.) In these highly-organized genera impregnation takes place 
internally, and the male is fiimished with two strong prehensile organs 
called clasjpers (Q, by means of which ho seizes and securely holds the 
female during copulation. 

* According to Cuvier, in those Sharks which are viviparous (that is, whose young 
are hatched in the oviduct prior to their expulsion) this egg-shell is never formed, and 
the investments of the foetus remain permanently membranous (loc. cit. p. 397). 
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CHAPTER XXVII. 

REPTILIA. 

(1857.) The globe that we inhabit is usually said to be made up of 
land and water; and perhaps, for the purposes of the geographer, such a 
division of the surface of our planet is all that is requisite. A slight in- 
vestigation of this subject, however, is sufficient to convince the naturalist 
that a very considerable proportion of the world around us can scarcely be 
strictly referred to either one or the other of the geographical sections 
alluded to, — that there are extensive marshes, for instance, equally ill- 
adapted to be the habitation of aquatic animals and of creatures organized 
for a purely terrestrial existence ; that some localities may bo alternately 
deluged with water and parched with drought ; that the margins of our 
lakes, the banks of our rivers, and the shallow ponds and streamlets of 
warm climates could only be adequately populated by beings of an 
amphibious character, alike capable of living in an aquatic or in an aerial 
medium, and combining in their structure the conditions necessary for 
enabF ig them to reside in either element. 

(1cj 58.) Aquatic animals, strictly so called, breathe by moans of gills. 
For a vertebrate animal to respire air, it must bo provided with limgs ; 
but if a creature is destined to live both in air and water, it must ob- 
viously have both gills and lungs coexistent, either of which may be 
employed in conformity with the changing necessities and altered cir- 
cumstances. We therefore cannot be surprised to find that in the 
lowest Reptiles this is literally the arrangement adopted — that they 
respire, like fishes, by means of branchim while in the water, whereas on 
emerging into the air they have lungs ready for use. 

(1859.) The Amphibia {Batrachia, Cuv.) are to the anatomist amongst 
the most interesting animals in the whole range of zoology, as wo trust 
will be made sufficiently evident when we come to investigate their in- 
ternal economy ; but it is to their outward forms and habits that we 
must first introduce the reader, leaving the details of their organization 
to be discussed in the sequel. 

(1860.) From whatever form or race of animals the zoologist advances 
towards the next succeeding it in the great scale of Nature, he will find 
himself insensibly led on by such gentle gradations that the transition 
from any one class to another is almost imperceptible. Nihil per saltum 
is one of the most obvious laws in creation ; and of this, perhaps, we 
could not select a more striking illustration than is afforded by the Lepi-- 
dosiren (fig. 328). 

(1861.) Two distinct species of this most remarkable animal have 
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been met with : one, the Lejtidosiren paradoxa, discovered by Dr. Nat- 
terer in the river Amazon ; the other, Lepidosiren annectam, was found 
by T. C. B. Weir, Esq., and is a native of the African continent, inhabit- 
ing the river Gambia. An individual of the species last mentioned has 
been minutely anatomized by Professor Owen*, and both in its outward 
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form and internal organization is so precisely intermediate between a 
Reptile and a Pish, that, while Dr. Natteror regards it as an Amphibian, 
Professor Owen considers that, notwithstanding that it possesses Imigs, 
the ichthyic characters predominate, and it ought rather to bo ranked 
among the Pishes. 

(1802.) The body of the Lepidosiren dmiectam (fig. 328) is about 
a foot long, and covered with scales, resembling those of the cycloid 
fishes ; the tail gradually tapers to a poiift, but is fringed abo‘% and 
below with a membranous fin supported by numerous soft, clastic, trans- 
parent rays, articulated to the superior and inferior spines of the caudal 
vertebra) ; the gills are covered by oporcula — not being exposed, as in 
the proper Amphibia ; and, moreover, it has four rudimentary fins or 
legs, as the reader may choose to call them. These rudimental extre- 
mities arc round, filiform, and gradually attenuated to an undivided 
point, being supported internaUyby a single-jointed soft or cartilaginous 
ray. The nostrils of the Lepidosiren, however, are merely two blind 
sacs, as in fishes, and do not communicate with the mouth or fauces — a 
character which Professor Owen regards as the only decided evidence 
that the animal ought in preference to be ranked among the class Pisces. 

(1863.) The Siren lacertina, a creature which inhabits the marshes of 
Carolina, is another amjghibious animal, scarcely further removed from 
the Pishes than the last. This Siren attains the length of two or three 
feet ; it has a body very nearly resembling that of an eel ; but instead 
of pectoral fins it has two rudimentary feet, each provided with four 
fingers, — its hind feet, the representatives of the ventral fins, being 
entirely wanting ; it is moreover furnished with giUs placed on each 
side of the neck, while internally it possesses two capacious membra- 
nous lungs adapted to aerial respiration. 

(1864.) In the Proteus anguinus, an animal only met with in the 
subterranean waters of Camiola, the body, of which a figure is given 
* Transactions of the Linnean Society for 1840, 


672 


REPTILIA. 


in a subsequent page (fig. 340), is equally anguilliform ; but the legs 
are now four in number, although still very imperfectly developed. Its 
gills are fringes of blood-vessels placed externally upon the sides of the 
neck, and its thin and delicate lungs (<, z) extend nearly the whole length 
of the abdomen. 

(1865.) The Amphibia above-mentioned, as well as the Menohranchus 
and the Axolotl, both animals of very similar construction, preserve 
their branchi® through the whole period of their lives, and are for this 
reason denominated Amphibia perennibranchiata. But there are other 
genera which, although in the early part of their existence they are 
equally provided with both gills and lungs, ultimately become suffi- 
ciently perfect in their organization to enable them to enjoy a more 
or less complete terrestrial existence, and consequently their branchi® 
become obliterated as the lungs grow more efficient, until at length no 
vestiges of the former remain perceptible. Those are called A. caduci- 
hranchiata. 

(1866.) The most remarkable examples of the CADuciBEANcniATE 
Amphibia are the Frogs, the Toads, and the Newts, so common in our 
own country ; and the metamorphosis of these creatures from the tad- 
pole- or fish-condition undef which they leave the egg, to their perfect 
air-breathing and four-footed state, is a matter of common observation. 
We i^icct the Newt (Triton cristatus) as an example of the changes 
whirfi these amphibians undergo as they advance towards maturity. 

(1867.) Immediately before leaving the egg, the tadpole of the Sala- 
mander, or Water-Newt (fig. 329, a), presents both the outward form 

Fig. 329. A 
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and internal structure of a fish. The flattened and vertical tail fringed 
with a broad dorsal and anal fin, the shape of the body, and the gills 
appended to the sides of the neck are all apparent ; so that, were the 
creature to preserve this form throughout its life, the naturalist would 
scarcely hesitate in classing it with fishes properly so called. 
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(1868.) When first hatched (fig. 329, u)*, it presents the same fish- 
like^body, and rows itself through the water by the lateral movements 
of the caudal fin. The only appearance of legs as yet visible consists 
in two minute tubercles, which seem to be sprouting out from the skin 
immediately beliind the branchial tufts, and which are, in fact, the first 
buddings of anterior extremities. Nevertheless, to compensate to a 
certain extent for this total want of those prehensile limbs which after- 
wards become developed, two supernumerary organs are provisionally 
furnished, in the shape of two minute claspers, seen in the figure, situ- 
ated on each side of the mouth ; by means of these the little being holds 
on to the subaquatic leaves, and thus prevents itself from being washed 
away by the slightest current. 

(1869.) Twelve days after issuing from the egg, the two fore legs, 
which at first resembled two little nipples, have become much elongated, 
and are divided at their extremity into two or tliree rudiments of fingers 
(fig. 329, c). The eyes, which were before scarcely visible, and covered 
by a membrane, distinctly appear. The branchiae, at first simple, are 
divided into fringes, wherein red blood now circulates ; the mouth has 
grown very large ; and the whole body is so transparent as to reveal the 
position of the viscera witliin. Its activity is likewise much increased ; 


Fig. 330. ^ 
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it swims with rapidity, and darts upon minute aquatic insects, which 
it seizes and devours. 

(1870.) About the twenty-second day (fig. 330, n) the Tadpole, for 

* Vide Rusconi, Amours des Salamandr^s aquatiques, et D6veloppement duTdtard 
de ces Salamandrcs dopuis Vocuf jusqu’A I’animal parfait. 4to. Milan, 1821. 

2 X 



m 


REPTILIA. 


the first time, begins to emit air from its mouth, showing that the 
lungs have begun to bo developed. The branchisB are still large. The 
fingers upon the fore-legs are completely formed ; the hind-legs begin 
to sprout beneath the skin ; and the creature presents, in a transitory 
condition, the same external form as that which the Siren hcertina per- 
manently exhibits. 

(1871.) By the thirty-sixth day the young Salamander (fig. 330, e) 
has arrived at the development of the Proteus anguinus ; its hind-legs 
are nearly completed, its lungs have become half as long as the trunk 
of its body, and its branchiae more complicated in structure. 

(1872.) At about the forty-second day the Tadpole begins to assume 
the form of an adult Triton (fig. 330, p) : the whole body becomes 
shoi1;er ; the fringes of the branchiae are rapidly obliterated, so that in 
five days they are reduced to simple prominences covered by the skin of 
the head ; and the gill-openings at the sides of the neck, which, as in 
fishes, allowed the water to escape from the mouth, and were in like 
manner covered with an operculum formed by a fold of the integument, 
are gradually closed ; the membranous fin of the tail contracts, the skin 
becomes thicker and more deeply coloured, and the creature ultimately 
assumes the form and habits e>f the perfect Newt, no longer possessing 
branchiflo at all, but breathing air, and in every particular completely 
convert into a reptile. • 

(18v3.) But however curious the phenomena attending the deve- 
lopment of the tadpoles of the amphibious lleptilcs may be to the 
observer who merely watches the changes perceptible from day to day in 
their external form, they acquire a tenfold interest to the physiologist 
who traces the progressive evolution of their internal viscera — more 
especially when he finds that in these creatures he has an opportunity 
afforded him of contemplating (displayed before his eyes, as it were, 
upon an enlarged scale) those phases of development through which 
the embryo of every air-breathing vertebrate animal must pass while 
concealed within the egg. The division, therefore, of Reptiles into such 
as undergo a metamorphosis, and such as do not, is by no means philo- 
sophical, although convenient to the zoologist : all Reptiles undergo a 
metamorphosis, though not to the same extent. In the Peuennibban- 
CHiATA the change from the aquatic to the air-breathing animal is never 
fully completed ; in the CADUcinKANcniATA the change is accomplished 
after the embryo has escaped from the ovum; and in the Reptilia 
proper, as well as in Bikds and Mammals, which are generally said to 
undergo no metamorphosis, the changes referred to are accomplished 
in ovo during the earliest periods of the formation of the foetus. 

(1874.) The second order of Reptiles (Opiiidta) includes the Serpent 
tribes, animals entirely deprived of external locomotive extremities, and 
nevertheless endowed with attributes at once formidable and surprising. 
Absolutely without limbs or any apparent means of progression, the 
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scalo-clad serpent makes its way in either element with equal facility, 
and walks or leaps, or climbs or swims, at will. Destitute of any pre- 
hensile members, it seizes and devours the strongest and most active 
prey ; it binds its victim in a living rope ; or, with a single scratch in- 
flicted by its venomed fangs, speedily destroys the stoutest assailant. 

-(1875.) The transition from the Ophidia. to the Lizards (Satthia), 
composing the third order of Reptiles, is very gradually accomplished 
by several intermediate forms, in which the first buddings of legs make 
their appearance ; and these locomotive organs, becoming more and more 
completely developed in other genera, at length conduct us from the 
flexible and apodous Serpents to the strong and four-footed Reptiles 
which are the types of the Saurian division. The progressive develop- 
ment of the locomotive extremities is not a little curious : even among 
some of the Serpents properly so called, as, for example, in the Anguis 
fragilis of our own country, the rudiments of these limbs may be de- 
tected beneath the skin ; more especially those of the hinder extremity, 
wherein a little pelvis and femur may be distinctly recognized, while a 
minute sternum^ clavicle, and scapula indicate the first appearance of 
the thoracic legs. 

(1876.) In Bi manes, the lowest of tho’Saurian genera, two little feet, 
eacjh provided with four toes, are appended to the framework of the 
shoulder ; and in Seps, which equally possesses the body of afcerpent, 
all four extremities first make their appearance externally. As me logs 
become increased in their relative size and importance, the trunk is pro- 
I)ortionutely shortened and its flexibility diminished, until at length we 
are conducted, almost by imperceptible gradations, to the strong and 
voracious Crocodiles, the most perfect of the Reptile families. 

(1877.) The fourth order of Reptiles (Cheloxia) comprises a series 
of animals of most anomalous conformation, in which the greater part 
of the skeleton is brought quite to the exterior of the body, and the 
limbs are absolutely enclosed within the cavity formed by the ribs. Such 
arc the Tortoises and the Turtles ; but as we shall describe the anatomy 
of these animals more at lengtli hereafter, we need only in this place 
point out to the reader their outward form and general appearance. 

(1878.) Commencing our researches concerning the internal organiza- 
tion of this extensive class by examining the osteology of the Reptilia, 
we shall, as we have hitherto done, select one skeleton for special ex- 
amination ; and afterwards, taking that as a standard of comparison, 
observe the most con.spicuous modifications of structure met with in the 
different divisions of this important group. 

(1879.) The skeleton wo choose for particular description is that of 
the Crocodile, one of the most interesting that can possibly be oflered to 
the contemplation of the comparative anatomist, inasmuch as it exhibits, 
developed to a medium extent, a greater number of the elements which 
we have supposed to enter into the composition of a perfect or typical 
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skeleton than any other with which we arc ncqiiainlcd : we therefore bog 
the attention of the student while we investigate this important piece 
of osteology. 

(1880.) A glance at the skeleton of tlie Crocodile (fig. 831) at once 
shows us that, in consequence of the addition of a thorax, and the con- 
nexion which now necessarily exists 
between the pelvis and the spine, the ' 


vertebral column becomes divisible into 
distinct regions : viz. the cervical, con- 
taining seven vertebrae; the dorsal, 
formed by those vertebrae which support 
the thoracic ribs ; and the lumbar ver- 
tebrae intervening between these and 
the sacrum. The number of bones 
entering into the composition of the 
sacrum, that is, which arc connected 
with the ossa ilii of the pelvis, are in 
this case two in number ; while, behind 
these, six-and-thirty vertebrae enter 
into the composition of the tafl. 

(1881.) In the cervical, dorsal, lum- 
bar, aJd sacral regions, no inferior 
spinoirT processes exist; but in the 
caudal portion of the vertebral column 
these elements are found greatly de- 
veloped, as in fishes, and obviously with 
the same intention, namely to increase 
as much as possible the vertical extent 
of the tail, and thus convert tins part 
of the body, which is here of extraordi- 
nary length and great flexibility, into a 
powerful instrument of propulsion. 

(1882.) The transverse processes of 
the cervical vertebrae are remarkably 
largo, and so extended that they ma- 
terially interfere with the lateral move- 
ments of the neck, — an arrangement 
evidently designed to afford a sufficient 
extent of insertion for the powerful 
muscles of the cervical region. 

(1883.) The thorax is composed of a 



sternum and two sots of ribs, — one set 


being articulated with the transverse processes of the dorsal vertebree, 
and hence called dorsal ribs, while the others, being fixed to the sides 
of the sternum, are named sternal ribs : the contiguous extremities of 
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the dorsfil uiid st(‘rnul ribs are, moreover, united by intervening cartilages, 
wliich, as they are generally more or less perfectly ossified in the adult 
Crocodile, might jilmost be regarded as additional elements of the thorax. 

(1884.) The ])Osterior dorsal ribs are far less perfectly developed than 
those situated more anteriorly; and it is not a little interesting to 
observe how griidually, even in the same skeleton, the transition is 
efiected from the simple condition already noticed in the ribs of fishes, 
in which each rib is merely appended to the extremity of the transverse 
process of a vertebra, to ribs perfectly- adapted to enter into the com- 
position of a true thoracic cavity, and united by a double articulation 
both with the transverse processes and the bodies of the vertebrae. The 
head of the last rib of the Crocodile is, in fact, simple, and merely 
articulated with the apex of the transverse process of the corresponding 
vertebra ; the next is slightly bifid at its origin, but both the divisions 
are still connected with the transverse process ; as we advance still 
further forwards, the division of the origin of the rib becomes more and 
more decided, until at length, at about the fifth rib, we have two 
distinct heads, one firmly articulated with the body of the vertebra, the 
other with the transverse process — ^presei^ting an arrangement precisely 
similar to that met with in the structure of the thorax of a bird. 

(1885.) The sternal apparatus is not Jess interesting to th^ osteo- 
logist. The anterior extremity of the sternum is osseous, and c^ider- 
ably prolonged forwards, to be articulated with the clavicles, and thus 
afford a support to the anterior extremity. Behind this it becomes 
cartilaginous, and affords attachment to tho sternal ribs, which enter 
into the composition of tho thorax : it does not, however, terminate at 
the posterior margin of the thoracic cavity, but is continued along tho 
mesial lino of tho abdomen quite to the pubis, and gives off eight abdo~ 
mhial sternal ribs, to which no dorsal correspondents arc met with. 
These abdominal ribs serve to support the muscles of the abdomen, and 
here present their ma^i'mium of development: rudiments of them are, 
however, still met with in the higher animals ; and even in the human 
subject wo find, in the transverse tendinous bands which intersect the 
substance of the rectus muscle of the abdomen, tho last remains of these 
appendages to tho sternal portion of the skeleton. • 

(1886.) In the anterior extremity of the Crocodile we have most of 
the parts enumerated as entering into the composition of a perfect or 
typical skeleton : the shoulder, however, is composed of only two pieces, 
the scapula and the clavicUy the last of which articulates with tho 
sternum; tho bones of the arm, fore-arm, and hand are completely 
developed. 

(1887.) The posterior extremities are fully formed, the pelvis being 
connected by means of the ossa ilii to the transverse processes of two 
vertebra), which therefore, as we have seen, constitute tho sacrum, 

(1888.) In examining tho bones which enter into the composition of 
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the head of the Crocodile, or indeed of most Reptiles, the anatomist finds 
his studies much facilitated by the circumstance that ilic sutures sepa- 
rating the individual bones never become obliterated, so that tlu? ele- 
ments of this portion of their skeleton remain permanently detached 
and separate ; and for this reason we shall take the present opportunity 
of going a little into detail concerning the composition of the skull of 
the Cix)codile, as it is well calculated to illustrate the real stioicture of 
the cranium in the Vertebrata generally. 

(1889.) The bones belonging to the face arc easily recognized : the 
intermaxillary (17), the maxillary (18), and the nasal (20), the zyyo- 
matic (6), and the lacrymal (c), all occupy their usual relative positions. 
The roof of the mouth is formed, as in Alan, anteriorly by an elongated 
process of the upper jaw (18), and posteriorly by the palate-bone (22). 

(1890.) The frontal consists of five pieces, viz. the principal 
frontal (l), which probably, in the foetus, consisted of two lateral halves, 
the anterior frontal (2, 2) and iiho. postenor fronted (4, 4). 


Fig. 332. 



Skull of the Crocodile. 


(1891.) The parietal (7) is, as is generally the case in Reptiles, 
represented by a single bone. 

(1892.) The occipitoZ consists of four pieces, which remain perma- 
nently detached; namely, the basilar (5), the two lateral occipital (10), 
and the superior occipital, placed above the foramen maynum. 
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(18i).‘L) Tlic sphenoid y which in Man is regarded as a single bone, is 
here represented by several distinct parts. The body is divided into two 
portions (g), called respectively the anterior and Wig posterior sphenoids. 
The great or temporal alee (ll) are also separate bones, as also are the 
internal ptenj^foUls (25). 

(1894.) A bone (24), which is not met with either in Mammalia or 
Birds, passes from the internal pterygoid to the point of junction be- 
tween the zygomatic, the maxillary, and ihiG posterior frontal this has 
been named by Cuvier the transverse hone. 

(1895.) Tlie ethmoid and the vomer (16) are but very imperfectly 
ossified, so tliat the septum between the nostrils is in the skeleton 
extremely incomplete, and the sense of smell of course proportionately 
obtuse. 

(1896.) But the most interesting of the cranial bones is the temporal, 
which, although considered as one bone by the human osteologist, is in 
Reptiles evidently composed of at least four distinct and separate parts. 
These are, 1st, the petrovbs bone (fig. 332, a, e), which partially encloses 
the organ of hearing ; 2ndly, the tympanic hone (a), which supports the 
membrana tympani ; 3rdly, the mastoid hone (12), which is the homo- 
logue of the mastoid process of Man;*and 4thly, the temporal hone, 
properly so called (23), which represents the squamous portion of the 
human temporal bone. • % 

(1897.) Each lateral division of the inferior maxilla of Bepliles is 
separable into at least five, and generally six pieces, which are united 
together by suture; these are named the dental (34), which support the 
teeth, the angular (36), the opercular (37), the articular (35), and two 
small pieces seen upon the inner surface of the jaw. 

(1898.) Having thus described at some length the composition of the 
skeleton in the Crocodile, which we have chosen for minute analysis, 
as being the type of the Saurian Reptiles, we shall now proceed to 
examine the osteology of the other orders, so as to appreciate more 
correctly the peculiarities of structure that they individually exhibit. 

(1899.) In the Amphibia, as for example in the Frog, one of the 
most striking circumstances connected with their history is the extra- 
ordinary change whicl\ takes place in the condition of gvery part of the 
framework of the body during the evolution of the tadpole and its 
metamorphosis into the perfect frog. 

(1900.) The skeleton of a Tadpole is, in every particular, that of a 
fish : its texture is soft and cartilaginous, the caudal portion of the spine 
prolonged and flexible ; neither are there any external limbs connected 
with the vertebral column, so as to trammel the lateral movements of 
the tail ; and yet in the mature Frog (fig. 333) let the reader observe 
the amazing difference. The head, it is true, still preserves somewhat of 
the character of that of the fish, especially in the disproportionate de- 
velopment of the face when compared with the size of the cranial cavity; 
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but all the bones of the spine have become consolidated into ten ver- 
tebne, firmly connected together by strong articulations, while the flexible 
tail of the tadpole has 
become converted into a 
strong^ and immoveable 

ever are met with in the \. J 

Frog; and even in those 

ments of the skeleton, 

they are mere nidi- \ mf I f/ a 

ments appended to the 11 I M ll//// 

extremities of the trans- 

verse processes of the HkJjT 

vertebrae. The sternum, ^ ^ 

however, is largely de- 
veloped, and gives extensive attachment to the muscles of the abdomen. 
The anterior extremities are supported by a scmicartilaginous zone, in 
which ^e three elements of tKe shoulder (the scapula, the clavicle, and 
the coracoid bone) are distinctly recognizable ; and the bones of the arm, 
fore-arm, and hand are very perfectly formed, 

(1902.) ,Thej)eIvis is large and firmly ossified, in correspondence with 
the strength and magnitude of the hinder extremity, the ossa tin being 
articulated to the ends of the transverse processes of the last vertebra, 
which from this circumstance maybe called the sacn^m. The ti/mi and 
fibula arc consolidated into one bone ; while two of the bones of the 
tarsus (the astragalus and the os calcis) are so excessively elongated 
that they might almost be taken for a second tibia and fibula, did not 
their position indicate their real nature. 

(1903.) One circumstance is remarkable in the construction of the 
shoulder-joint of these reptiles, which are found to have a strong liga- 
ment passing between the head of the humenis and the scapula, exactly 
in the same manner as the Ugamentum teres of the human hip-joint. The 
use of such a deviation from the ordinary structure of the articulation is 
obvious : the Frog, as it alights from those long and vigorous leaps which 
form its ordinary mode of progression, receives the whole shock of its 
fall upon its fore-legs, and thus this ligament becomes needful as an 
additional security to the articulation, in question. 

(1904.) The skeleton of an Ophidian Reptile presents a strange con- 
trast to that of the Batrachian, last described. Taking the Boa (7on- 
strictor as an example of this order, wo find the spine of this enormous 
serpent composed of three hundred and four distinct vertebrae, of which 
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two hundred und fifty-two suj)port ribs : flexibility is therefore abun- 
dantly provided for in the construction of these lithe and elegant beings, 
incasmuch as tlie division of their spinal column into so many pieces 
allows the utmost pliancy in any reciuircd direction. Flexibility, how- 
ever, is not the only condition requisite in this case : strength and pre- 
cision of movement are equally indispensable ; and the question is, how 
are these apparently opposite qualities to be so combined and associated 
as not in the slightest degree to interfere with each other? The 
mechanism conspicuous in the construction of the spine of a Serpent is 
in this respect truly admirable. The anterior extremity of the body of 
every vertebra is rounded into a smooth and polished ball (fig. 334, c). 


Fig. SU. 



Vertebne and Hibs of Boa. 


which exactly fits into a hemispherical cup excavated in the sulfttance 
of the vertebra next succeeding : a perfect ball-and-socket joint is thus 
formed between every vertebra and that which precedes or follows it ; 
and thus the spine is rendered capable of the utmost latitude of move- 
ment, and offers at the same time a firm purchase to the muscles acting 
upon the vertebral column. To provide, however, against undue extent 
of motion in certain directions, wc now meet with other processes de- 
rived from the vertebral arches : in addition to those given merely as 
levers for the attachment of muscles, secondary apophyses, called oblique 
or articulating processes, become developed; and contiguous vertebrae 
being like^vise moveably connected together by means of these append- 
ages, unnecessary flexure is not allowed, and all danger of dislocation 
prevented. 

(1905.) Serpents, bekig entirely deprived of external limbs, have 
neither shoulder nor pelvis, their ribs alone afPording them the means of 
progression. These extend on each side in an uninterrupted series from 
the first vertebra behind the head to the origin of the tail, so that the 
division of the spine into regions is here out of the question. Every rib 
is attached at its origin by a kindof ball-and-socket joint (fig. 334, «, b) 
to the extremity of the corresponding transverse process of a vertebra, 
and is therefore freely moveable. There is no sternum hero, neither 
are there sternal ribs ; but the dorsal ribs, wielded as they are by innu- 
merable and powerful muscles connected with them, literally perform the 
office of internal legs, and materially assist the creature in progression. 
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(1906.) Having already enumerated the hones which enter into the 
composition of the cranium of a Saurian Reptile, it would be su]ier- 
fluous again to mention in detail those met with in the skull of a S(^r- 
pent, more especially as they will be easily recognized by a glance at the 
annexed figure, in which the corresponding bones are all indicated by the 
same references. One peculiarity only requires special notice, narnedy 
the extreme mobility of the principal bones of the face, and more par- 
ticularly of the pieces composing the lower jaw, by which provision these 
reptiles are enabled to swallow entire animals of astonishingly large 
d^ensions when compared with the size of their mouth. 

(1907.) In order to allow of this, the bones composing the superior 
maxilla (fig. 335, 17, 18) are only loosely joined together by ligamentous 
bands ,* and even the arches of the palate are moveable. The two halves 
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Skull of lioa. 


of the lower jaw (34, 34) are connected together at the symphysis by a 
ligament so loose and elastic that separation to a great extent is easily 
allowed ; and, moreover, those two elements of the temporal, the mastoid 
(12) and the tympanic (a), which form the bond of connexion between 
the inferior maxilla and the cranium are here lengthened out into long 
pedicles, so that by their mobility the entrance to the throat can be 
dilated in a surprising manner, and prey of apparently very dispropor- 
tionate bulk thus introduced into the stomach. 

(1908.) The most extraordinary skeleton met with among Reptiles, 
and, indeed, among the Vertebrata generally, is that of the Chelonia, in 
which the ribs and sternum are both placed quite at the exterior of the 
body, so as to form a broad dorsal shield called the carapace^ and an 
equally strong ventral plate named the plmtrony between which the 
limbs and the head can be more or loss completely retracted. 

(1909.) Yet notwithstanding this apparent total inversion of the 
osseous system in the creatures before us, it is interesting to observe by 
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what slip:ht modifications in the arrangement of the elements of the 
skeleton such prodigious chunge.s are ac(Jomplishcd. This is well exem- 
plified in the construction of the carapa.voi the common Tortoise (^Emys 
Enropcf’ii^si') , In this well-known animal (fig. 336) the vertebra) of the 


Fig. 330. 



Skeleton of Tortoise. 

neck and of the tail present nothing particularly remarkable in their 
structure ; but, being connected together in the ordinary manner, the 
neck and caudal region of the spine present their usual flexibility. The 
dorsal vertebrae, however, are strangely distorted, the elements of the 
upper arch being disproportionately developed, while the bodies remain 
almost in a rudimentary condition. The superior spinous processes of 
these vertebrae are flattened and converted into broad osseous plates, 
which form a longitudinal scries along the centre of the back, and are 
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connected together by sutures resembling those of the human cranium. 
The ribs arc changed into broad flat bones, flrnily united by suture to 
each other and also to the later<il margins of the spinous processes of 
the vertebiie, so that they all form, as it were, a single broad plate : the 
heads of the ribs arc veiy feebly developed, and the intervals between 
them and the bodies of the vertebrae filled up with ligament. T\io 
margin of the shield thus formed by the dorsal ribs is further enlarged 
by a third set of flat bones, apparently representing the sternal ribs of 
the Crocodile, fixed by suture around the whole circumference of the 
carapaXy which they assist in completing. 

(1910.) The plastron^ or sternum^ is made up of nine pieces, which 
have been proved by M. GeofProy St.-Hilaire to bo the elements of this 
portion of the skeleton in the most complete state of development in 
which they are met with. Of these nine elements, eight are disposed 
in pairs ; but the ninth, which is always placed between the four pieces 
composing the two anterior pairs, is single, and occupies the mesial 
line. In birds, we shall afterwards find this element of the sternum 
performing a very important ofllce. 

(1911.) The bones of the shoulder and of the hip, in the Tortoise 
(fig. 336), are absolutely placed within the thorax, and articulated to 
the sides of the vertebral column. The precise homologj^ of the scapular 
appar^iUs has not been as yet decidedly pointed out ; there are, how- 
ever, three branches, probably representing the scapula, the clavicle, and 
the coracoid bone : but in the construction of the pelvis, the ilium, the 
ischium, and the puhis are identified with facility. 

(1912.) The muscular movements of Reptiles are ordinarily slow and 
languid, a circumstance which no doubt depends upon the impurity of 
their blood, consequent on the imperfect manner in which the circulating 
fluid is exposed to the influences of respiration. The muscles of these 
animals arc, however, peculiarly tenacious of life, and preserve their 
irritability and power of contraction for an astonishing length of time 
after they have even been separated from the body. The muscles of a 
Turtle will continue to live for days after the creature has been decapi- 
tated; and the heart wiU still contract, when irritated, even many 
hours after its removal. 

(1913.) But perhaps the most interesting phenomenon connected with 
the muscular system of the Reptilia is the progressive development of 
entirely different sets of muscles as the metamorphosis goes on by whicli 
they are converted from their earliest fish- condition to their mature and 
perfect state. This series of changes, which doubtless takes place in all 
the higher Vertebrata, is weU exemplified in the tadpole of the Frog or 
Toad, and the different phases of development are in such creatures 
easily investigated. At first the tadpole presents the muscular structure 
of a fish, both in the muscles of the expanded and vertical tail and in 
those of the branchial apparatus. As growth proceeds, the broad 
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muscles of the abdomen become developed ; and ultimately those of the 
limbs are sui)cradded as those members successively make their appear- 
ance, the muscles of the shoulder and pelvic region being first recog- 
niztilde, and subsequently those of the legs and feet. In the meantime, 
as the abdominal muscles and those of the extremities become gradu- 
ally perfected, tliose peculiar to the fish-state are rapidly removed : the 
broad tail becomes atro 2 )hied and absorbed, diminishing in length nearly 
at the rate of a lino a day ; the flaky lateral muscles of the caudal 
region disappear altogether ; and, moreover, the entire muscular appa- 
ratus of the branchial and hyoid systems is altered as the character of 
the respiratory organs becomes changed, in a manner to be explained 
hereafter, from the aquatic fo the aerial condition. 

(1914.) As Eeptiles, for the most part, must from necessity swallow 
their prey entire, organs of taste would be scarcely more useful to them 
than to the Ashes described in the last chapter ; and we are therefore 
not at all surprised to find the tongue in almost every family appro- 
priated to a totally different use, and not unfrequently converted into an 
apparatus of prehension, whereby the food is seized and conveyed into 
the mouth. 

(1915.) In the Batrachoid Amphibia, for instance, wo have a remark- 
able example of this provision. The Frog and the Toad, notwithstand- 
ing their slow and clumsy movements, are destined to feed upon iHjccts, 
and consequently must be provided with some instrument by which such 
active prey may be caught. The organ provided for this purpose is the 
tongue, which, by a slight modification in its structure, becomes changed 
into a prehensile forceps admirably adapted to such an oflice. The 
tongue of the Frog, instead of presenting the usual arrangement, is 
found to be fixed to the symphysis of the lower jaw, and folded back 
upon itself, so that its point, which is free and bifid, is lodged in the 
throat. Thus provided, the Frog is enabled to seize its victim with the 
greatest ease. No sooner does a fly approach sufficiently near, than this 
living forceps is rapidly everted ; and the insect, being seized by its 
furcate extremity, is as speedily brought between the jaws of its de- 
stroyer. The teeth of the Batrachia very much resemble those of the 
generality of fishes, being simple points soldered to the surface of the 
jaws, but not imifianted in sockets — suflicient to give a secure hold of 
their food, but quite unadaptod to mastication. 

(1916.) The Chameleon is another curious example of a reptile obliged 
to employ its tongue in securing insect prey. The Chameleon is arboreal 
in its habits : its feet, cleft as it were into two portions, firmly grasp tbo 
boughs upon which it climbs ; while its well-known power of changing 
the colour of its skin, so as to imitate that of the branches around it, 
efficiently conceals it from observation. The tongue of this creature, 
when extended, is as long as its whole body, and is terminated by a club- 
shaped extremity smeared over with a viscid secretion : when an insect 
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comes within a distance of live or six inches from the Chameleon, the end 
of this tongue is first slowly protruded to the distance of about an inch, 
and then, with the rapidity of lightning, launched out with unerring 
aim ; the fly, glued to its extremity, is with equal velocity conveyed into 
the mouth. 

(1917.) The jaws of the Chelonian Keptiles are not armed with 
teeth, but cased in horny coverings, so as to resemble the beak of a bird, 
with which they crop the vegetable aliment upon which they generally 
subsist. 

(1918.) Serpents, as regards their moans of destroying prey, may 
be divided into two great groups — the first including those which are 
not venomous, the second embracing such as are armed Avith poison - 
teeth. 

(1919.) In the non-venomous Serpents, as for example in the Boa 
Constrictor, the upper jaws and the palate-bones are aU lined with sharp 
teeth, so that there are four rows of dental organs, two placed along the 
margins of the maxilla, and two projecting from the roof of the mouth : 
all these teeth are simple, veiy sharp, and point backwards. Each divi- 
sion of the lower jaw is likewise armed with a single row, which are 
also directed towards the badk of the mouth. It must be evident, from 
a mere inspection of these teeth, that they can be of little use in holding, 
mucljfdess in destroying, such strong and large animals as the Boa 
devours ; and upon a little consideration we shall find that they are in- 
tended for a very different office. These serpents kill their victims by 
coiling their lengthy bodies around the chest, and then by strong mus- 
cular contraction they compress the thorax of their prey so firmly, that, 
its movements being completely prevented, respiration is put a stop to, 
and the animal so seized speedily perishes from suffocation. But, having 
succeeded in extinguishing life, the most difficult task still remains to be 
accomplished ; how is the serpent, utterly destitute as it is of all external 
limbs, to force down its throat the carcase of a creature many times 
thicker than its own body ? The mode adopted is as follows : — once 
more winding itself around the slain animal, it commences at the head, 
which by main force it thrusts into its mouth ; the elastic ligament at 
the sjTuphysis of its lower jaw gives way, and the branches of the in- 
ferior maxilla become widely separated, so that the mouth is stretched 
enormously as the food is thus forced into it. Deglutition is here a very 
lengthy and laborious process ; and wore there not some special con- 
trivance to guard against such an accident, no sooner were the efforts of 
the snake relaxed in the slightest degree than the muscles of the throat 
and jaws, being in a state of extreme tension, would force out of the 
mouth what had already been partially swallowed. To provide against 
this, the teeth are in this case converted into a sort of valve : pointing 
backwards, as they all do, they permit the bulky food to pass into the 
fauces ; but at the same time their sharp points, being directed towards 
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the throat, cfHci(‘ntly prevent it from being pushed back again in the 
opposite direction 

(1920.) In the venomous serpents, those teeth which are fixed to the 
margin of the superior maxiUary bone of the innoxious genera are gene- 
rally deficient; and instead of them there is found an apparatus of 
poison-fangs, constituting perhaps the most terrible weapons of attack 
met with in the animal creation. The poison-teeth (fig. 337, a) are two 
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Structure of the poison-teeth of the Eattlesnake. ^ 

in number, one fixed to each superior maxiUary bone : when not in use, 
they are laid flat upon the roof of the mouth, and covered by a kind of 
sheath formed by the mucous membrane of the palate ; but when the 
animal is irritated, or about to strike its prey, they are plucked up from 
their concealment by muscles inserted into the upper maxillary bone, 
and stand out Hko two long lancets attached to the upper jaw. Each 
fang is traversed by a canal — ^not, as it is generaUy described, excavated 
in the substance of the tooth, but formed by bending, as it were, the 
tooth upon itself, so as to enclose a narrow channel through which the 
poison flows. The canal so formed opens towards the base of the tooth 
by a large triangular orifice ; but at the opposite extremity it terminates 
near the point of the fang by a narrow longitudinal fissuij). The gland 
wherein the poison is elaborated occupies the greater part of the temporal 
fossa, and is enclosed in a white and tendinous capsule (fig. 337, h) ; the 
substance of the organ is spongy, and composed of cells communicating 
■with its excretory duct (r), by which the venom is conveyed to the open- 
ing at the base of the fang f. The poison-gland is covered by a strong 

* In the collection of Professor Boll there is a small snake which, having by mis- 
hap attempted to swallow a mouse of too large size, and being quite unable, in conse- 
quence of the mechanism referred to, to disgorge it, was found dead, and the skin and 
muscles of its neck absolutely rent from excessive stretching. 

t M6moiro sur les caract^res tir^s de I’Anatomie pour distinguer les Serpens 
^venimeux des Serpens non-vonimeux ; par M. Duvornoy (Ann. des Sc. Nat. rxvi.). 
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process of the temporal muscle (c?), which is attached to a thin apo- 
neurotic line (e). The greater portion of the fibres of this muscle take 
their origin from the capsule of the secreting apparatus, which they 
partially envelope ; and then winding round all the posterior part of the 
gland, and passing behind the commissure of the lips, the lower part of 
the muscle is Itrmly implanted into the lower jaw very far anterior to 
the angle of the mouth. The process of the temporal muscle which thus 
surrounds the gland is very thick and strong, so that it is easy to imagine 
with what force the poison wiU by this mechanism be injected into the 
wounds inflicted by the fangs, seeing that the same muscles which close 
the jaw at the same time compress the bag of venom with proportionate 
energy. 

(1921.) Behind the large poison-fang in use, the capsule that en- 
closes it generally contains the germs of several others, ready to supply 
its place should the former be broken oif ; and in the event of such an 
accident, one of these supplementary teeth soon becomes consolidated 
with the superior maxilla, and adapted in all respects to take upon 
itself the terrible office of its predecessor. 

(1922.) Dreadful as are the means of offence thus conferred upon the 
poisonous serpents, it is impossible to avoid noticing in this place that 
admirable provision of Nature which, in one genus at least, serves to 
givo^Amely warning of the 'vicinity of such dangerous assailants. Wc 
need merely mention the rattle of the Rattlesnakes (Crotalus ) — an 
organ the intention of which is so obvious that the most obtuse cannot 
contemplate it without at once appreciating the beauty of the con- 
trivance, This singular rattle is formed of numerous horny rings, that 
are in fact merely modifications of the general scaly covering of the 
reptile, so loosely articulated together that the slightest movement of 
their formidable possessor is betrayed by the startling noise produced 
by the collision of the different pieces composing the organ : even when 
at rest, the creature announces by rapid vibrations of the tail the place 
of its concealment, apparently to caution the inadvertent intruder 
against too near an approach. 

(1923.) In^ the grand police of Nature, the scavengers are by no 
means the least important agents. In hot climates especially, where 
putrefaction advances with so much rapidity, were there not efficient 
and active officers continually employed in speedily removing all dead 
carcases and carrion, the air would be perpetually contaminated with 
pestilential effluvia, and entire regions rendered unhabitable by the 
accumulation of putrefying flesh. Perhaps, however, no localities could 
be pointed out more obnoxious to such a frightful cause of pestilence 
than the banks of the tropical rivers — those gigantic streams which, 
pouring their waters from realm to realm, daily roll down towards the 
sea the bloated remains of thousands of creatures which taint the atmo- 
sphere by their decomposition. 
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(1924.) Such are precisely the situations inhabited by Crocodiles and 
Alligators, the largest of the Saurian reptiles now in existence, animals 
in every way designed by Nature to feed upon putreQdng materials ; 
their tongue (fig. 338, d) scarcely projects from the lining membrane of 
the mouth, and its surface {e) is studded with large glands ; the whole 
interior of the mouth is in fact, from its construction,* little adapted to 
gustation. 

(1925.) The Crocodile, nevertheless, likewise kills living prey, which, 
from the structure of its teeth, it is obliged to effect by dragging its 


Fig. 338. 



Mouth of the Crocodile. 


victim into the water and there drowning it. This mode of proceed- 
ing, however, simple as it might appear, involves many difficulties. As 
the reptile has no other instruments of prehension besides its mouth, 
and is obliged to hold its struggling prey submersed by the stren|;th of 
its formidable jaws, it is manifest that, without some special con- 
trivance, the water rushing into the throat of the Crocodile would pre- 
vent it from breathing fluite as eflfectually as the animal it endeavours 
to drown ; it might therefore become a question which of the two would 
survive immersion longest. The mechanism employed under these 
circumstances to give the Crocodile the advantage over its prey is very 
complete : a broad cartilaginous plate (fig. 338,/) stands vertically from 
the os hyoides, and projects upwards into the back part of the mouth ; 
a similar valve (^) bangs down from the back of the palate, so that the 
two together form a kind of flood-gate, which, when the mouth is 
widely opened, effects a complete partition between the cavity of the 
mouth and the fauces, whore the aperture of the larynx (7i) is situated. 
The nostrils, moreover, are placed quite at the extremity of the snout, 
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and the nasal passages leading from them are prolonged through the 
whole length of the upper jaw until they communicate with the fauces, 
behind the velum of the palate (g). Such being the arrangement, it is 
immediately obvious that, when the communication between the mouth 
and the fauces is cut off by means of the two valves (^, / ), the Crocodile, 
by merely keeping the tip of its snout above the water, breathes with 
the utmost facility, and it is thus enabled to keep its prey submerged 
for any length of time that may bo requisite to extinguish life. 

(1926.) The teeth of the Crocodile and of the higher Saurians are 
not merely consolidated with the bones of the skull to which they are 
appended, but are implanted in sockets formed in the bones composing 
the upper and lower jaws. Each tooth is a simple hollow cone, and 
encloses a vascular 
pulp, from the surface 
of which the bony 
matter of the tooth 
was formed. When 
a tooth becomes old 
and worn, a second is 
secreted by the same 
p\ilp within the cavity 
of the ^"irst, and the 
original one is shed, 
so that a succession 
of teeth thus make 
their appearance. 

(1927.) The ali- 
mentary canal of Rep- 
tiles offers little that 
requires special de- 
scription. The oeso- 
phagus (fig. 343,//) 
isgendraUyextremcly 
capacious, and the 
stomach of very variable shape and capacity. The latter viscus is for 
the most part pyriform, tapering gradually towards the pylorus ; such 
is the case in the Chelonia and in the Batrachoid Amphibia : in 
Seepents it resembles a long bowel, and is capable of extraordinary 
dilatation ; and in the Perehnibrahchiatb Amphibia, as in the Proteus 
(fig. 340, i) and the MeYwponui (fig. 343, ^), it looks like a mere dilata- 
tion of the intestine. 

(1928.) The stomach of the Crocodile is remarkable as affording an- 
other among the innumerable instances that might be adduced of that 
gradual transition everywhere observable as we pass from one class of 
animals to that which next succeeds it in the series of creation. The 


Fig. 3:39. 



Stomach of the Crocodile. 
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Crocodile is the connecting link between Reptiles and Birds, and in 
almost every part of its body it presents a type of structure almost in- 
termediate between the two. 

(1929.) The stomach of this creature (fig. 339) might, in fact, be 
almost mistaken for the gizzard of a rapacious bird. The oesophagus (c) 
terminates in a globular receptacle, the walls of which are very mus- 
cular ; and the muscular fibres (a) radiate from a central tendon (6) pre- 
cisely in the same manner as those of a bird. The pyloric orifice is 
closely approximated to the termination of the oesophagus, and the 
commencement of the duodenum dilated into a round cavity (c?), — an 
arrangement which, as wc shall see in the next chapter, exactly 
resembles that met with in the feathered tribes. 

(1930.) In the neighbourhood of the pylorus, the walls of the stomach 
in all the Reptilia become perceptibly thickened; the intestine is 
generally short, and usually divided into two portions, representing the 
small intestines and the colon, the division between the two being 
marked by a prominent valve analogous in function and position to the 
ilio-colic valve in the human subject ; and sometimes, moreover, as for 
instance in the Iguana, there is a distinct cajcum developed at the com- 
mencement of the large intestine. '* 

(1931.) The auxiliary secretions subservient to digestion in the class 
before us are the salivary, the hepatic, and the pancreatic. ^ 

(1932.) The salivary glands are of very peculiar construction In 
the CHELONiAy, the Saurian, and the Batrachian orders, the substance 
of the tongue seems to bo principally made up of a thick glandular 
mass, formed by a multitude of little tubes united at their bases ; but, 
becoming separate towards the surface of the tongue, they give the whole 
organ a papillose or velvety appearance. This glandular apparatus rests 
immediately on the muscles of the tongue, and upon its sides a multitude 
of pores are visible, through which the salivary secretion exudes. 

(1933.) In the Ophidian Reptiles, from the manner in wliich they 
swallow their prey, the bulk of the tongue is necessarily reduced to the 
utmost extent ; the whole organ seems converted into a slende# bifid 
instrument of touch, and is covered with a delicate membrane. Instead 
of the salivary apparatus described in the last paragraph, two glandular 
organs (fig. 337, s s), placed immediately beneath the skin of the gums, 
surround the margins both of the upper and lower jaws ; aUd from 
these an abundant salivary secretion is poured into the mouth, through 
orifices situated externally to the bases of the teeth. 

(1934.) The liver of Reptiles (fig. 340, i^) requires no particular 
description : its secretion, as well as that of the pancreas (fig. 340, o), 
is poured into the intestine in the usual manner, at a little distance 
from the pylorus. 

(1935.) The spleen and system of the vena portm are disposed in the 

* Cuvier, Lemons d’Anatomie Compar6e, iii. pi 223. 
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same manner as in other Vertebrata. The spleen (fig. 340, 1) is gene- 
rally more or less closely connected with the stomach ; and the largo 
vein derived from it, being joined by those proceeding from the other 
viscera of the abdomen, forms the trunk of the portal vein (wi), which 
soon divides again into numerous branches that ramify in the substance 
of the liver. 

(1936.) The lymphatic and lacteal systems are very important parts 
of the economy of these creatures ; and, from the large size of the 
absorbent vessels, their disposition is more easily traced in the class 
before us than in any otlicr. The principal trunks surround the aorta 
and other large blood-vessels, and communicate very extensively with 
the veins in different parts of the body. From the imperfect condition 
of the valves in their interior, the lacteals of many tribes may be readily 
injected from trunk to branch, and when thus filled with mercury, 
they are found to spread out between the coats of the intestines like a 
dense network of silver. 

(1937.) But the most remarkable circumstance connected with the 
absorbents of this class of animals is the discovery, made by Professor 
Muller of Berlin*, of a system of lymphatic hearts destined to propel 
the products of absorption from the chief lymphatic trunks into the 
veins. In the Frog, four of these pulsating cavities are easily displayed 
by simAy raising the skin covering the regions of the body where they 
are situated. The posterior pair of hearts are appendages to the lym- 
phatic tnmks which convey the absorbed fluids derived from the hinder 
extremities into the ischiadic veins ; they are situated on each side 
midway between the extremity of the long bone which represents the 
os coccyfjis and the hip-joint, and are placed immediately beneath the 
integument. They each consist of a single cellular cavity, and pulsate 
regularly ; but their pulsations are quite independent of those of the 
heart, neither are the contractions of the two lymph-hearts synchronous 
with each other. 

(1938.) Another pair of these contractile cavities is situated beneath 
the posterior margin of the scapula, close to. the transverse process of 
the third vertebra ; this pair forces the contents of the lymphatics of 
the anterior portions of the body into the jugular veins. 

(1939.) Fishes respire water by means of gills. Reptiles, breathing 
a lighter medium, are provided with lungs — membranous bags, into 
which the external element is freely admitted, and again expelled in a 
vitiated condition, its oxygen having been employed in renovating the 
blood, which circulates in an exquisite network of delicate vessels that 
ramify in rich profusion over the walls of the pulmonary chamber. 

(1940.) This important difference between Fishes and Reptiles as 
relates to their mode of respiration would seem, at first sight, to draw 

* Vide Berlin Annals for 1832 ; and also Panizza, sopra il Sisteraa Linfatico dei 
Rettili. fol. Pav. 1833. 
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such a distinct line of demarcation between these two great classes of 
Vertebrata that it would be impossible for pjg 

the most superficial zoologist to confound 
one with the other, or to be for a single 
moment at a loss in attempting to assign to» 
any creature belonging to either of these 
divisions of the animal world its proper posi- 
tion ; indeed, to mistake an air-breathing 
reptile for a fish properly so called, would 
appear to be an error which the most igno- 
rant naturalist could hardly be in danger of 
committing. 

(1941.) We have, however, again and 
again had opportunities of observing how 
nearly animals of neighbouring classes ap- 
proximate each other, not only in their out- 
ward form, but in their anatomical con- 
struction, and in considering this portion 
of our subject we shall have another most 
striking illustration of this great law' in 
zoology. 

(1942.) The perfect and typical Keptile, 
as the Lizard, the Tortoise, and the Ser- 
pent, breathes air, and air only, and is there- 
fore only provided with lungs adapted to 
this kind of respiration ; but the Perenni- 
branchiatc Amphibia, possessing both lungs 
and gills, participate to a greater or less de- 
gree in the characters of Fishes ; so that in 
some, as, for example, in the Lepklosiren 
(fig. 328), so near is the approximation, 
that it becomes almost impracticable for the 
most accomplished anatomist precisely to 
determine whether the animal ought rather 
to bo called a reptile or a fish ; and lastly, 
in the liatruchiaii Amphibia, as we have al- 
ready seen, we have the same animal gra- 
dually changed from a fish into a complete 
and perfect reptile. 

(1943.) In considering the apparatus pro- 
vided for circulation and respiration in the 
animals comprised in the class before us, we 
shall therefore first describe the organiza- 
tion of these viscera in lleptiles mmhjhed 

with lungs only ; secondly, of tliose having Anatomy of ivo#<m« atu,vinu». 
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permanent gills as well as lungs ; and thirdly, the mctumorphoscs tliat 
take place in the construction of the breathing organs during tlie de- 
velopment of the lungs, and the obliteration of the branchioe in those 
forms in which the branchiie are not persistent. 

(1944.) The lungs of lleptiles are two capacious membranous sacs 
occupying a considerable portion of the visceral cavity, which, as there 
is no diaphragm as yet developed, cannot properly be divided into tho- 
rax and abdomen, as it is in Mammalia. From the internal surface of 
the walls of each lung membranous septa project inwards, so as i)ar- 
tially to divide the interior of the organ into numerous polygonal cells, 
which are themselves subdivided into smaller compartments in a similar 
manner. This structure is well seen in the lung of the Tortoise 
(fig. 341). 

Fig. 341. 



Lung of the Tortoiat*. 


(1945.) The pulmonary cells are dit numerous and eomplete towards 
the antenor extremity of the lung, and it is here that the pulmonary 
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vessels prin(;i 2 )ally ramify : towards the hinder part of the viscus the cells 
become larger, and the breathing-surface proportionately less extensive, 
until in some cases, as in Serpents, the cells being quite obbterated, the 
lung terminates posteriorly in a simple membranous bladder. 

(194().) The air is brought into the lungs through a long trachea, 
composed, as in other Vertebrata, of a scries of cartilaginous rings ; but 
there is this peculiarity in the construction of the Reptile lung — the 
trachea never divides into bronchial ramifications, but terminates ab- 
ruptly by one or more orifices which open at once into the general pul- 
monary cavity. 

(1947.) It must be evident, from the whole construction of a lung of 
this description, that, owing to the comparatively limited surface that it 
presents internally, it is far less adapted efficiently to expose the circu- 
lating fluid to the influence of the atmosphere than the more complex 
apparatus of Birds and Mammalia : the respiration of Reptiles is conse- 
quently proportionately imperfect ; and hence that coldness of their blood 
and feebleness of muscular movement which are so characteristic of the 
entire class. 

(1948.) The air required for purifying the blood is, of course, con- 
tinually’changod, being alternately takei 9 i into the lungs, and again ex- 
pelled in a deteriorated condition, by a mechanism which will bo found 
to vary in different reptiles in accordancQiWith the peculiarities|pf their 
organization. No Reptile possesses a diaphragm ; and being destitute of 
this important muscle, the movements whereby inspiration and expira- 
tion are accomplished are, in such genera as arc furnished with moveable 
ribs, entirely dependent upon the mobility of the framework of the 
chest — the dilatations and contractions of the thorax, consequent upon 
the alternate elevation and depression of the ribs, being sufficient to en- 
sure the inhalation and expulsion of air : such is the case in the Serpent 
and the Lizard. 

(1949.) In the Amphibia, however, there are not even ribs developed, 
or, if they exist at all, they are such mere rudiments as to be quite useless 
as instruments of respiration ; and on the other hand, in the Cheloniax 
Reptiles, the large and expanded bones of the thorax are so consolidated 
together, and so immoveably fixed to the broad and osseous sternum, 
that respiration in the' ordinary manner would be altogether imprac- 
ticable. Under these circumstances, as a compensation for the want of 
mobility in the chest, the os Jiyoides and the muscles of the throat are 
converted into a kind of bellows, by which the air is forced mechanically 
into the lungs, and they are thus distended at pleasure. 

(1950.) Any one who watches a Frog or a Tortoise with a little at- 
tention will at once understand the mechanism by which this is effected. 
The mouth is kept closely shut ; and the nostrils, which open immedi- 
ately into its cavity, are each provided with a muscular valve, so dis- 
posed as freely to permit the entrance of air into the mouth, but also 
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effectually preventing its return by the same channel. By this arrange- 
ment the descent of the hyoid apparatus fills the mouth with air ; and 
the subsequent contraction of the broad muscles of the throat, the nos- 
trils and the pharynx being of course both closed, forces the air into the 
opening of the larynx, and distends the lungs, from which it is again 
expelled by the pressure of the abdominal muscles. 

(1951.) The structure of the heart and the course of the circulation 
in Reptiles afford interesting subjects for investigation. The heart 
consists of three cavities, namely, a strong and muscular ventricle 
(fig. 342, a), and two membranous and very capacious auricles, both of 

Fig. 342. 



Heart of the Tortoise. 


which communicate by vahmlar openings with the ventricular cavity. 
The right auricle (6) receives the venous blood from all parts of the body 
through the vense cavae (n, o, p\ the terminations of which are guarded 
by strong valves ; the left auricle (c) is appropriated exclusively to the 
lungs, from which it receives arterial blood through the pulmonary 
veins (m m). It is obvious, therefore, that the ventricle receives two 
kinds of blood from the two auricles — venous blood from the systemic 
auricle, and arterial blood from the pulmonic auricle ; and as the interior 
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of the ventricular cavity is crossed by innumerable colmmue giving 

it almost a spongoid appearance, the vitiated and purified blood derived 
from these two sources are more or less completely mixed together, and 
blood only partially artcrialized is distributed to the system. 

(1952.) Two sets of vessels take their origin from the single ventricle, 
viz. the pulmonary and aortic. Tha pulmonary artery soon divides into 
two trunks (//), one destined to each lung ; so that a part of the im- 
])ure blood expelled from the ventricle is at once driven to the organs 
of respiration to be fui’ther oxygenized. The aorta, immediately after 
its origin, liltewiso separates into two trunks {d, e), the right and the 
left, which, mnding backwards, ultimately join to form one great vessel 
(/), from which the arteries of the viscera (i, Ar) and those destined to 
the posterior parts of the body are given off. From the commencement 
of the right aortic trunk a very large vessel is furnished, which bifur- 
cates to form two arterice inmmhuike {y y), from which the carotid and 
subclavian arteries take their origin. 

(1953.) Although the above description refers more immediately to 
the construction of the heart of the Tortoise, in all essential particulars 
it is equally applicable to all reptiles of the Saurian, Chelonian, and 
Ophidian orders ; and when we thus sgqp that, in addition to the com- 
paratively imperfect condition of their lungs, the blood which circulates 
through the body is in these creatures admixed and semivenoi^ fluid, 
we need not bo surprised at the contrast which they oflbr when compared 
with the hot-blooded and vigorous animals to be described in the sub- 
sequent chapters of this work. 

(1954.) Cuvier committed a serious error in describing the Batrachian 
reptiles as having a heart composed of but two cavities ; our illustrious 
countryman John Hunter had already ascertained that, in Frogs, Toads, 
and Salamanders, the heart poasossed a pulmonary as well as a systemic 
auricle ; and his observations have since been abundantly confirmed by 
Dr. Davy, Dr. Martin St.-Ango, and Professor Owen. The pulmonic 
auricle in these creatures, indeed, is comparatively of small size ; but it 
exists as a perfectly distinct chamber, and receives the blood from the 
lungs preparatory to its admission into the common ventricle. 

(1955.) With regard to the use of the additional auricle in the Rep- 
tilia. Professor Owen has well remarked* that, from the impediments 
which frecjucntly occur to a free and regular circulation of blood in these 
cold-blooded and slow-breathing creatures, the venous side of the heart 
is subject to great distension ; henco the largo size of the auricles, and 
of the sinus which receives the systemic veins, and also the perfect de- 
velopment of the valves intcryening between the vena) cavm and the 
auricle, of which the Eustachian valve of tho Mammiferous heart still 
presents a rudiment. Had tho pidmonary veins terminated along with 
the systemic in tho same cavity, their orifices would have been subjected 
* Transactions of the Zoological Society of London, vol. i. p. 217. 
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to the pressure of the accumulated contents of that cavity, and there 
would have been a disproportionate obstacle to the passage of the aerated 
blood into the ventricle. This is obviated by providing the pulmonary 
veins with a distinct receptacle, which is equally ready with tlu^ right 
auricle to render its contents into the ventricle during the diastole of 
that cavity. 

(1956.) Passing from the con- Fig. 


sideration of the more perfect 
Reptile circulation as it exists 
in those genera wdiich in theii* 
adult condition possess lungs 
only, to those which may pro- 
perly be called Amphibious, and 
are provided with both lungs 
and gills throughout the whole 
period of their lives, we must 
still pause to notice one or two 
intermediate forms, which, not- 
withstanding that they lose their 
branchiae at an early stage of 
their growth, are evidently 
closeljg^elated to the Perenni- 
branchiata, as may be gathered 
from the arrangement which 
their blood-vessels permanently 
exhibit. Such is the Memportmt 
or Great South American Sala- 
mander, an animal met with in 
the rivers and lakes of the South 
American continent. In the an- 
nexed figure, taken from the 
Catalogue of the Hunterian Col- 
lection, the principal vessels of 
this creatuie are delineated as 
seen from the dorsal aspect. The 
lower jaw (fig. 343, a) has been 
removed from the head, so that 
in the drawing are exposed the 
cut edge of the masseter muscle 
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(6), the tongue (c), and the opening of the larynx, into which a bristle 
(d) has been introduced, one end of which is seen passing into the cavity 
of the right lung : the bag of the pharynx (//) has been left entire ; 
and upon this the main vascular trunks are supported. From the heart, 
situated upon the opposite side of the oesophagus, is given off a large 
vessel representing the hulhiis arteriosus of fishes, which terminates by 
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dividing into four branchial arteries ; but as in the adult Menopoma 
there arc no branchiae, these vessels (o o o) wind round each side of the 
neck, and again unite into two trunks (r r) which by their union form 
the aorta (t t). It will easily bo perceived that this arrangement is 
precisely that met with in fishes ; only that, as there are here no gills 
intervenimj between the terminations of the branchial arteries and the 
commencements of the branchial veins, these vessels are immediately con- 
tinuous with each other. Moreover, from the lowest branchial arch (o) a 
pulmonary artery is given off, which ramifies over the surface of the as 
yet rudimentary lung (e), and thus gives rise to a distinct pulmonary 
circulation. 

(1957.) Having carefully considered the disposition of the vessels in 
the Menopoma above described, the reader will be able to appreciate 
the arrangement of the vascular system in those Amphibia which, being 
provided with both gills and lungs through the whole of their lives, 
literally combine the blood-vessels of a fish with those of an air-breath- 
ing reptile. 

(1958.) In the Perennibeanchiata, as, for example, in the Proteus, 
instead of the hulhus arteriosus being immediately continuous with the 
aorta (as it is in the Menopoma) through ihe interposition of the vessels 
00 0 (fig. 343), the blood derived from the heart is obliged to pass more 
or less completely through gills appended to the sides of the necl^before 
it arrives in the vessels (r r) wliich may be said to represent the bran- 
chial veins of fishes. 

(1959.) The branchiae are either vascular tufts or pectiniform organs 
(fig. 344, h h), essentially ana- 
logous in structure to those 
of a fish. The blood, however, 
which is propelled from the 
heart is not hero entirely ve- 
nous, but consists of a mixed 
fluid, partially derived from 
the systemic and partially from 
the pulmonary auricle, the two 
having, of course, been mingled 
together in the commonVentricle of the tripartite heart. The contrac- 
tion of the heart forces the blood into the hulbus arteriosus, from whicli 
it is in great part driven into the branchiae : arrived there, it passes 
along the great branchial artery (fig. 344, a), is made to circulate over 
the branchial fringes (b), and being again collected into the branchial 
vein (c), in a purified condition, it is poured into those large trunks, the 
representatives of the vessels r r (fig. 343), which form the aorta. 

(1960.) But, besides the branchial circulation, these creatures like- 
wise possess lungs (fig. 340, z, t), and a pulmonary circulation of greater 
or less importance in different genera. Nevertheless the pulmonary 


Fig. 344. 



Branchia of Vroteus ungainits. 
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artery is merely a small twig given off from the aortic system of vessels, 
through which semi-arterialized blood passes to the lungs, to be returned 
in a still purer condition to the left auricle of the heart. 

(1961.) If the student has fully comprehended the permanent con- 
dition of the blood-vessels as it exists in the perfect Reptile and in the 
Perennibranchiate Amphibian, he mil have little difficulty in under- 
standing the changes which occur in the distribution of the vascular 
system during the metamorphosis of the Caducibba.nchiata. 

(1962.) In the Salamander, when the lungs begin to bo developed 
and are coexistent with the branchial apparatus, the arrangement of 
the circulating system is precisely similar to that described as being 
permanent in the Perennibranchiata ; as may be seen by a reference to 
the appended diagram, which would equally illustrate the distribution 
of the blood-vessels in both cases. 

(1963.) In this early stage of the tadpole’s life, the contraction of 
the heart and bulbus arteriosus 
drives the greater part of the 
blood through the branchial veins 
(fig. 345, a a a) to the gills, from 
which it is returned in a purified 
condition by the branchial veins 
{fffp, which, by their union, at 
length form the aortUy as in fishes. 

At this period the pulmonaiy ar- 
tery (6), which is very small, in 
correspondence with tlio as yet 
rudimentary condition of the lungs, 
is merely a branch derived from 
the aortic system, and reinforced 
by a vessel (c) given off from the 
bulbus arteriosus. The greater 
proportion of the blood therefore 
evidently goes to the branchim, 
and a very small part to the lungs. 

(1964.) The reader must, however, here remark that there are small 
anastomosing vessels (fig. 345, e e e), uniting the branchial arteries with 
the trunks of the branchial veins, and that these are situated just at the 
roots of the giUs, since these vessels become of the utmost importance 
during the subsequent stages of the metamorphosis. 

(1965.) The branchiae gradually become diminished in size, and a 
smaller quantity of blood passes through them ; and as this goes on, the 
vessels (a a a, ///) shrink in the same proportion. Meanwhile the 
lungs are progressively more and more developed, and the pulmonary 
artery (6) expands in an equal ratio. As the blood forces its way with 
more difficulty through the branchiae, the anastomosing vessels {e e e) 


Fig. m. 



Course of the circulation in Proteus 
angiiimis. (After HuBconi.) 
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dilate, and a freer supply of blood is poured into the pulmonary system ; 
until at last, when the lungs are fuUy formed, and the branchial arteries 
(a a a) and veins (///) quite obliterated, all the blood necessarily passes 
immediately through the anastomotic trunks (e e e), which of course then 
represent the vessels (o o o) of the Mempoma (fig. 343) ; and the mode 
of respiration is thus completely converted from that of a Fish into that 
of a true Reptile. 

(1966.) But during the progress of these changes in the disposition 
of the vascular system, others not less wonderful take place in the form 
and uses of the entire hyoid apparatus, and in those muscles of the throat 
which arc connected with the function of respiration. 

(1967.) The hyoid apparatus of the tadpole is, in fact, a very com- 
plicated structure*, and, like that of the fish, supports the branchia), 
and facilitates the entrance and expulsion of the water ; moreover, by 
opening or closing at pleasure the communication which exists through 
the branchial apertures between the mouth and the exterior of the body, 
it thus allows air to be taken into the lungs at jdcasure. 

(1968.) The os hy aides of the tadpole, at an early period of its de- 
velopment, supports four branchial arches (fig. 346, a, 1, 2, 3, 4), which 
bound three branchial fissures, through/*vhich, as in a fish, the water 
escapes from the mouth. The branchial arches 2 and 3 are studded on 
each side with cartilaginous points, and the arches 1 and 4 havev)imilar 
points on one side only j so that when the arches are approximated, as 
they can be by an elaborate temporary set of muscles provided for the 
purpose, the cartilaginous teeth lock into each other so accurately that 
the branchial fissure's are completely and firmly closed — a provision 
which is evidently indispensable in order to allow the tadpole to fill its 
lungs with air. 

(1969.) The above is the condition of the branchial portion of the 
hyoid apparatus before the metamorphosis of the tadpole has made 
much progress ; and from this time a series of changes begins of a most 
curious and interesting description. 

(1970.) When the metamorphosis has commenced, the os hyoides 
and branchial arches assume the appearance represented at fig. 346, b. 
The pieces 8 and 9 are no longer both cartilaginous, the latter having 
become entirely ossified. The branchial arch 1 is likewise converted 
into bone ; and its upper surface, being considerably enlarged, is now 
connected with both the pieces marked lO and 11. The three carti- 
laginous pieces 6, 6, 7, in fig. 346, a, are consolidated into one, while 
the branchial arches 2, 3, 4 become much reduced in size, the branchiae 
approach each other, and the cartilaginous points with which they are 
provided adhere together^ so that from hour to hour, so to speak, the 

* Recherclies anatomiques ot physiologiques sur les organes transitoires et la meta- 
morphose desBatraciens, par J. G. Martin St.-Ange (Annales des Sciences Naturelles, 
xxiv.). 
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mass (2, 3, 4) composed of the three united brancliial arches becomes 
Fig. 34G. 




C D 

Metamorphoses of the os hyoides in the Tadpole. (After Dr. 8t.-Angc.) 


insensibly obliterated, and in a very few days is entirely absorbed. 


While this absorption is going<on, the 
branchial arch (l) assumes greater 
consist mey, its inferior extremity be- 
comes directed outwards, and it loses 
the little cartilaginous teeth previously 
appended to it; the os hyoides thus 
assumes the simple form represented 
in fig. 346, c. Lastly, the cartilage 6 
disappears, and the complex branchial 
apparatus of the tadpole becomes con- 
verted into the permanent and com- 
paratively simple os hyoides of the 
Salamander, depicted in fig. 346, n. 

(1971.) The branchial arches 2, 3, 4, 
Dr.St.-Ange remarks, are absorbed in 
proportion as the circulation becomes 
modified, their atrophy depending upon 
the change which takes place in the 
course of the blood, owing to the di- 
latation of the anastomotic vessels 
(fig. 345, e e e) and the enlargement 
of the pulmonary arteries (&). It is, 
therefore, owing to a kind of revulsion 
produced by the afflux of the blood 
towards the pulmonary organ instead 
of towards the branchiae, that the 


Kg. 347. 



Course of the circulation in Lepido- 
Biren (After Owen.) 
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atrophy of tho branchial capillaries, and subsequently of the whole bran- 
chial apparatus, is produced. 

(1972.) Wo must in the last place, before leaving the consideration 
of tho circulating system of the Reptitja, describe that of the Lepklo- 
siren, a creature so exactly intermediate between tho two classes, that 
it is really difficult to determine whether it ought most properly to be 
called a fish provid(‘d with lungs, or a reptile with the circulatory organs 
of a fish. 

(1973.) Tho heart resembles that of a fish, and consists of a single 
auricle (fig. 347, a), a ventricle (b), and bulbiis arteriosus (c). The vena 
cava (<?), bringing the vitiated blood from tho system, terminates at once 
in tho auricle, which is represented in tho figure as laid open ; but the 
pulmonary vein (/), whereby the aerated blood is brought from the 
lungs (m m), passes along as far as the auriculo-ventricular opening, 
w^hcre it empties its contents into the ventricle by a distinct orifice, pro- 
tected by a cartllaylnous valvular tubercle. 

(1974.) It is, therefore, only necessary in this case to dilate the pul- 
monary vein previous to its termination, to make a heart with two 
auricles ; but, as Professor Owen observes, the same advantage is secured 
to the Lepidosiron in a different manner ^ for, while it still retains the 
dioecious type of tho heart of the fish, the continuation of the pulmonary 
vein prevents the admixture of the respired with the venous bloo^ until 
both have arrived in the ventricle. 

(1975.) The aorta, or, rather, the bulbus arteriosus (g), in this inter- 
esting creature, fulfils at once the office of a systemic, a branchial, and 
a pulmonary artery. It gives off on each side six vessels, which corre- 
spond to the six cartilaginous branchial arches ; of these arches four, 
namely the 1st, 4th, 5th, and 6th, support gills, so that the arteries 
belonging to them (1, 4, 5, 6) are, as in fishes, distributed over the 
branchial fringes, and are thus true or functional branchial vessels. But 
the 2nd and 3rd arches have no gills appended to them ; so that the 
arteries (2, 3,) belonging to these arches do not divide, but are continued 
round to the dorsal region, where they unite to form an aorta, as in 
Menopoma (fig. 343) ; moreover, before their union to form the systemic 
trunk, they give off tho pulmonary arteries (I, m) by which the pulmo- 
nary circulation is supplied. Thus each contraction of the ventricle of 
the heart drives the mixed blood derived from the veuffi cavse and pul- 
monary veins, first, to the gills ; secondly, to the aorta, through the 
vascular trunks (2, 3) ; and thirdly, to the lungs, through the pulmo- 
nary artery {I, m) ; so that from this arrangement, whether the creature 
be placed in water or in air, respiration is carried on efficaciously either 
by the pulmonary or branchial apparatus vicariously. 

(1976.) The principal difference observable between the brain of 
Reptiles and of Fishes is the increased proportionate size of the cere- 
bral hemispheres (fig. 347, b) ,* but they are still extremely small when 
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compared with the bulk of the body. The appended figure (fig. 34 S), 
which represents thq^ brain of the Tortoise in three different aspects, 
may easily bo compared with that of the fish already given. The olfac- 
tory lobes (c) might now be mistaken for prolongations of the anterior 
extremity of the hemispheres ; they contain distinct ventricles, and of 
course give origin to the olfactory nerves (oo). The hemispheres (h) 
are much more developed than in the last class ; their surface is always 
smooth and without convolutions ; and they are hollowed out into capa- 
cious ventricular chambers, in which are contained the corpus strialmifi 
and choroid pUxus (fig. 348, c), and the two sides are moreover brought 
into communication by an anterior and posterior commissure. 

(1977.) The optic lobes (e) are as yet uncovered by the extension of 
the hemisphere backwards, and each, when laid open, is found to enclose a 
ventricle (fig. 348, c). The cerebellum (a) is still small, and consists but 


Fig. 348. 



Brain of the Tortoise. 


of the median portion : behind it is a supplementary lobe (< 7 ), extend- 
ing over the fourth ventricle, as in Fishes. The student will easily 
recognize the pituitary body (/) ; but neither this nor the origins of the 
nerves present any peculiarity worthy of more particular description. 

(1978.) Taking the cerebral nerves in the order in which they arise, 
we will now proceed briefly to trace their general distribution ; and this 
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wo shall find to correspond most exactly in all essential points through- 
out the different classes of Vertebrata. 

(1979.) The olfactory nerves leave the olfactory lobes of the brain 
as single round cords, and are not, as in the Mammalia, divided into 
numerous filaments ; consequently there is no cribriform plate to the 
ethmoid bone, but the nerve of each side (fig. 350, e) is received into, a 
simple canal, partly osseous and partly cartilaginous, through which it 
is conducted to the cavity of the nose. 

(1980.) The nasal apparatus of Eeptilcs differs from that of Fishes 
in one important particular. Breathing air as these creatures do, the 
sense of smell now becomes connected with the respiratory function ; 
and a communication being established between the nasal cavities and 
the larynx, the air which passes through this channel into the lungs 
must necessarily come in contact with the sentient surface formed by 
those portions of the lining membrane of the nose to which the nerves 
of smell are distributed ; and in proportion as the extent of that surface 
becomes developed, the power of appreciating the presence of odorous 
particles in tltF atmosphere will necessarily be increased. The physio- 
logist is thus enabled to estimate with great exactness the relative per- 
fection of the sense of smell in different classes, or even in different 
families of the air-breathing Vertebrata, simply by observing the com- 
plication and extent of surface prcsentcd«by the lining mcmbrai^ of the 
olfactory organ. 

(1981.) Taking this as our guide, wc must suppose that in all rep- 
tiles the sense in question is extremely obtuse, since in these creatures 
there are neither turbinated bones nor ethmoidal plates as yet distin- 
guishable, — a few folds of the membrane lining the nose, even in those 
species which arc most highly gifted in this particular, being the only 
provision for extending the olfactory surface ; and in many cases, as for 
example in the Amphibia, the nose seems merely a simple canal leading 
into the mouth. 

(1982.) On reaching the nasal cavity, the olfactory nerve spreads 
out into delicate filaments (fig. 350, <?), which arc distributed to the 
Schncidorcan membrane covering the septum and upper part of the nose. 

(1983.) The optic nerves of Reptiles (fig. 348, a), soon after their 
origin, become confounclcd together by a commissure, in the same way 
as in the humon subject ; and again separating, they are continued 
through the optic foramina to the eyes. 

(1984.) The eyeball itself presents few peculiarities in its structure. 
In the Tortoise, and many Lizards, the sclerotic contains a circle of bony 
plates imbedded in its substance, and surrounding its anterior margin ; 
these arc obviously the rudiments of that osseous zone which in the 
class of Birds, as we shall find, performs a very important office. The 
ciliary processes of the choroid are generally very feebly developed. 
The pupil is frequently round; but it is sometimes of a rhomboidal 

2z 
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figure, as for example in the Gecko ; and in the Crocodile and some 
Serpents the pupillary aperture is a vertical fissure Idee that of a Cal . 

(1985.) The optic nerve cntci-s the eye in the same way lus in (jua- 
drupeds, and, having passed the choroid, it terminates in a round papilla, 
from the margin of which the retina spreads out. As to the rest, the 
eye of a Eeptile differs so little in any essential circumstance from that 
of Man as to render any more elaborate description superfluous. 

(1986.) The eyeball is moved by six muscles, disposed as in Fishes, 
— ^the four recti arising from the margin of the optic foramen, while the 
two ohliqui are derived from the anterior margin of the orbit. 

(1987.) In Fishes, from the circumstances under which they live, 
there is no occasion for the presence of any lacrymal apparatus, or for 
eyelids adapted to defend and moisten the surface of the cornea ; but 
in the class before us, especially in the more elevated tribes, these 
appendages to the eye make their appearance, and gradually assume a 
complexity of structiu'e even greater than that which they present in 
the human subject. 

(1988.) In Serpents, and in some of those Lizards which arc most 
nearly allied to the Ophidians, there arc stiU no eyelids ; and conse- 
quently in such genera there .can be neither any lacrymal apparatus 
nor a conjunctiva^ properly so called ; the skin of the head merely passes 
like a (1[ licute film over the transparent cornea, offering no fold worthy 
of the name of an eyelid. 

(1989.) In ordinary Lizards* the skin forms a kind of veil stretched 
over the orbit, and pierced by a horizontal fissure, which is closed by a 
sphincter muscle. The lower eyelid is the most moveable, and encloses 
a small cartilaginous plate ; and there is, besides, generally a fold of the 
conjunctiva at the inner can thus of the eye, wliich is the first appear- 
ance of a third eyelid or memhrana nictitans. 

(1990.) In the Chcloiiian llcptiles and in the Crocodiles, the upper 
and lower eyelids are sufficiently perfect accurately to close the eye ; 
but there are no eyelashes as yet present. Moreover these animals 
possess an additional eyelid or nictitating membrane, similar to that of 
Birds, which can bo drawn at pleasure over the front of the eye, so 
as entirely to conceal it. This is effected by a special muscle provided 
for the purpose, which arises from the posterior 'part of the globe of the 
eye, and, after winding round the optic nerve, passes beneath the eye- 
ball, to be inserted into the free margin of the membrana nictitans. 
In Frogs and Toads the upper and lower eyelids are nearly motionless ; 
but the third is largely developed, and moved in the same way as that 
of the Crocodile. 

(1991.) In the higher KeptiHa a distinct lacrymal gland and puncta 
lacrymalia are met with, occupying the same positions as those of the 
human subject. 

* Cuvier, Lemons d’Anat. Comji. lorn. ii. p, 433. 
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(1002.) The Ihirdy fourth, and siwth pairs of the cerebral nerves have 
the same distrilmtion in all the Vortebrata, and represent respectively 
tlie oculo-muscuhr, the and the ahducentes of Man. 

(loo;}.) The nerves belonging to the fifth pair likewise correspond 
both in their distribution and office with the trifacial nerves of mammi- 
feroiis Vertebrata. 

(1904.) The facial nerve, or ]portio dura of the seventh pair, is small, 
in proportion to the limited development of the soft parts of the face, 
but it is constantly present. 

(1995.) The auditory nerve, of course, is destined to the ear, and its 
distribution is almost the same as in Fishes ; nevertheless, in the general 
constmetion of the organ of hearing. Reptiles present very important 
and interesting advances towards a higher form of the acoustic appa- 
ratus, which we must proceed to notice. 

(1996.) The car of Fishes, being only adapted to hear sounds con- 
veyed through a watery medium, was found to consist only of the mem- 
branous labyrinth, enclosed in the cavity of the skuU, and without any 
communication with the exterior of the body. Reptiles, on the con- 
trary, living in air, must be enabled to appreciate the sonorous vibra- 
tions of the atmosphere, and are consequently provided with an auditory 
apparatus capable of responding to pulsations of soimd of far greater 
delicacy than those transmitted through the denser element. ^ 

(1997.) The first great improvement, therefore, which the anatomist 
notices in the composition of the car of a Reptile, is the addition of a 
tymi)anic cavity, and of a tense and delicate membranous drum, the 
vibrations of which are communicated to the labyrinth or internal ear 
through the intervention of an ossicle that represents the stapes of 
Mammalia. 

(1 998.) The drum of the car is situated immediately beneath the skin, 
the parts composing the external ear of quadrupeds being as yet entirely 
deficient. The memhrana Ujmpani, that now for the first time makes 
its appearance in the scries of animals, is tensely stretched across the 
tympanic a])crture, being covered externally by the integument of the 
head. In the Turtle (fig. 349) the tympanic membrane is represented 
by a cartilaginous plate («). The ossicle, or cvlumnella as it is hero 
called, is single and trumpet -shaped ; it passes quite across the tympanic 
cavity (/)), its external extremity being inserted into the drum, while at 
its opi)osite end it expands into a disk (c), which closes an aperture 
{foramen ovale) that communicates with tho membranous vestibule of 
the internal car. It is obvious, therefore, that every tremor impressed 
upon the membrana tympani will be conveyed by the columnella to the 
foramen ovale, and thus communicated to the fluid contained in the laby- 
rinth, upon which, as in fishes, the auditory nerve is distributed. 

(1999.) The cavity of the tympanum communicates with the interior 
of the mouth by a wide opening, that represents the Eustachian tube, — 

2z2 
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a circumstance evidently intended to prevent air or fluid from being 
pent up in the tympanic chamber and tlius interfering with the free 
vibration of the drum. 

(2000.) In Serpents, 
on account of the pecu- 
liar disposition of the 
pieces of the temporal 
bone, before described 
(§ 1907), there is no 
tympanic cavity, and the 
cohnnneUa (fig. v) 
is absolutely imbedded 
in the flesh ; the arrange- 
ment, however, in other 
respects is the same as 
in the generality of rep- 
tiles. 

(2001.) The lower 
tribes of Amphibia, as 
we might be led to ex- 
pect from their close approximation to Fishes, have neither tympanum 
nor coli^nella, and thus, like Fishes, can only hear in an aquatic 
medium. 

(2002.) The membranous labyrinth of Reptiles (fig. 350, a, ft, c) cor- 
responds in its general conformation with that of Fishes, presenting the 
same semicircular canals, ampullae, and vestibular cavity, and morc- 

Fig. 350. 



Auditory and olfactory apparatus of the Turtle. 


over the sacculus contains cretaceous concretions or otoliths of a similar 
character ; but in this class the membranous canals become enclosed 
in a bony sheath, moulded as it were upon their outer surface, 


Fig. 319. 
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which is anotlu r very important step toAvards perfecting the auditory 
apparatus. 

(200;3.) Neither must we omit to mention that in the highest of the 
Heptilia, as for example in the Crocodile, the first rudiment of a coehUa 
makes its a])pcarance, although as yet in a form of extreme simplicity. 
This portion of the organ of hearing, which, from the elaborate struc- 
ture that it prc'sents in tlie higher Vertehrata, must he regarded as 
being importantly connected with correct audition, is seen in this the 
earliest stage of its development to be a simple conical appendage to the 
sac of the vestibule ; and on opening it, it is found to be divided by a 
central cartilaginous septum into two compartments, which arc, how- 
ever, continuous with each other at the apex of the cone. One of these 
compartments or canals opens at one extremity into the vestibule, while 
the other communicates with the tympanic cavity by a very small aper- 
ture closed with a thin membrane. Thus, therefore, although the entire 
organ resembles a simple canal bent upon itself, the representatives of 
the scala vestihidij of the scala tympaniy and of the fenestra rotunda of 
the human ear can bo distinctly identified. 

(2004.) The glosso-pharyngeal and pmumoyastric nerves in Reptiles 
supply the same organs to which thejy arc distributed in the human 
subject^ the former being destined to the base of the tongue and the 
muscles of the pharynx, while the latter, Assuming a plexiform iftrange- 
ment, are appropriated to the lungs and heart, as well as to the oeso- 
phagus and the stomach. 

(2005.) The hypoglossal pair of the cerebral nerves, which was not 
met Avith in fishes, now becomes distinctly apparent, and, as in the 
higher Vertehrata, may be traced in the muscles of the tongue. 

(2006.) The spinal system of nerves offers no peculiarity Avorthy of 
special description. In the annexed figure, taken from Bojanus, the 
nerves derived from the medulla spinalis are seen to issue in the usual 
manner from the intervertebral foramina ; and they cAnldently essentially 
correspond with the grand type of structure common to the A^ertcbrate 
classes. In the apodous Heptilia, as for example in the Serpents, to 
attempt to divide them into the usual regions is clearly absurd ; but in 
quadrupedal forms, as foy instance in the Tortoise, the cervical nerves, 
the brachial plexus, from which are derived the nerves of the anterior 
extremity, the intercostal nerves, and those forming the lumbar and 
sacral plexuses are at once distinguishable, and the correspondence 
between their distribution in the reptile and in the human subject must 
forcibly strike the student who makes the comparison. 

(2007.) Neither does the sympathetic system of the Heptilia offer any 
important aberration from that arrangement with Avhich tho human 
anatomist is familiar. Tho ganglia are smaller in their proportionate 
size ; those, indeed, of the neck and face are scarcely perceptible ; but 
the thoracic ganglia are found in their usual positions, commiyiicating 
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on the ono hand with the spinril nerves, and on tlie other giving od fila- 
ments which form plexuses around the arterial trunks, and ramily I'xUai- 
sively to be distributed to the viscera. 

(2008.) The sense of 

touch in all the members ' 


of the class under con- 
sideration must, from the 
nature of their integu- 
ment, bo extremely im- 
perfect ; many of them, 
in fact, as for example 
the Serpent tribes, are 
absolutely deprived of any 
limbs which can be re- 
garded as tactile organs ; 
and even in those forms 
which are provided with 
efficient locomotive ex- 
tremities, these are but 
ill adapted to exorcise 
the functions of an appa- 
ratus touch. 

(2009.) The cuticular 
investments of the body 
are formed of dense 
and unyielding materials, 
consisting, in the higher 
EeptUcs, of broad horny 
plates or of imbricated 
scales. In the Amphibia, 
indeed, the skin is smooth, 
and the epidermis only 
forms a delicate corneous 
film ; yet even in these 
the cuticle is thrown off 
at certain seasons of the 
year, as the old coat be- 
comes too small for the 
increasing size of the ani- 
mal, a phenomenon which 
in the Lizard and Serpent 



tribes is still more remarkably witnessed ; for those animals strip them- 
selves of their old scales as the hand would be drawn out of a glove, and 
cast away in one piece the entire epidermic integument, even to the film 
which covers the transparent cornea of the eye. 


S’errous system of the Tortoise. (After Bojanus.; 
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(2010.) Th(i urinar}^ oxorotion in lleptilcs becomes of very conaider- 
.able importances and the structure of the kidneys and excretory ducts 
proportionately elaborate. The kidneys 353, o, p) are generally 
situated very far back, even \vitbin the cavity of the pelvis where a 
sacnim exists, as in the Chelonian and Saurian orders ; and in tliese 
1 iib(‘s th(?y arc very partially covered by the peritoneum, being firmly 
imbedded in the sa(jral region. But in the Serpents, in consequence of 
the elongated form of the body and the complete flexibility of every por- 
tion of the spine, the kidneys arc peculiar both in their position and 
general structure. Instead of being placed upon the same level as in 
other Vertebrata, the right kidney of an Ophidftin is situated much 
more anteriorly than the left, — a circumstance which much facilitates 
the packing of the abdominal viscera, and contributes greatly to ensure 
the free movements of the vertebral column at this place. For the same 
reason, the kidneys of a Serpent are divided into numerous lobes, placed 
in a longitudinal series upon the outer side of the commencement of the 
ureter, and loosely connected to each other and to the spine by cellular 
tissue and a fold of the peritoneum. 

(2011.) As relates to the minute structure of the kidneys in the 
Bcptilia, these viscera are invariably composed of convoluted tubes, 
wliich pour their secretion into the commencement of the corresponding 
ureter. The ureters, of course, vary indength according to th^osition 
of the renal organs ; they ultimately terminate in the cloaca (fig. 353, u) 
— a cavity or general outlet through which, in the female, the ova, the 
ficces, and the urine are discharged, and which in the male gives passage 
to the contents of the rectum, the secretion of the kidneys, and the 
semen. 

(2012.) In connexion with the urinary apparatus of Reptiles, it will 
bo convenient to mention a bhidder that exists in Chelonian and Ani- 
l)hibious reptiles, and is also found in some Saurian tribes, to which the 
name iirinarif bladder has been erroneously applied. This bladder, 
in the Tortoise (fig. 353, a) and Proteus (fig. 340, 7 ), is of considerable 
size, and in the Frog forms a very capacious rceoptucle, having its upper 
part divided into two cornua. It is generally fiUed with a clear limpid 
fluid, which in the case of the Frog is forcibly ejected if the animal bo 
abarmed ; but that this fluid is not urine is obvious from the fact already 
stated, that the ureters open into the cloaca (fig. 353, w), and not into 
the bag referred to ; the latter, in fact, is tlic unobliterated remains of 
the allantois of the embryo, concerning which further particulars will 
be given in the next chapter, and the fluid contained in it is most pro- 
bably the product of cutaneous absorption*. 

(2013.) In tracing the development of the generative apparatus 
through the diflbrent orders of lleptilcs, the student will not fidl to ob- 
serve many beautiful illustrations of progressive improvement. 

* Vide Cyclopa'dia of Anatomy and Physiology, art. Amciiibia, by Professor 
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(2014.) The finny tribes, inciipuhle of social intercourse, were content 
with t^jLC simple cxtmsion of their ep:gs into the sea, leaving them to bo 
impregnated by the casual a])proach of a male of the same species ; but 
even in the Am 2 )hibious reptiles some steps are gained in associating 
the sexes with each other; and although the eggs arc still impregnated 
out of the body of the mother, in the Frog this is accomplished in c.vitu, 
and not subsequent to tlieir expulsion. 

(20l;5.) Frogs, during the brceding-.scason, are found to pair, and 
the male having selected his mate mounts upon her back, clinging to 
her with unwearying pertinacity during the whole period of oviposition, 
and vivifying her eggs by the aspersion of the seminal secretion as thej' 
are successively expelled in long gelatinous chains. During this pro- 
tracted embrace the male Frog is assisted in retaining his hold by th(^ 
development of a peculiar papillose stracture upon the first toes of the 
fore-feet, which disappears at the end of the time appropriated to repro- 
duction. Of course no intromittent apparatus is as yet required, and we 
may naturally expect to find the male organs still exhibiting great 
simplicity of construction. 

(2016.) The testes and their excretory ducts, in fact, are the only 
parts as yet met with ; but the anatomy of these parts, although most 
accurately investigated by Swammerdam upwards, of a century ago, is 
still vcip generally misunderstood. The testicles arc situated in the 
loins, surrounded by several tongue-like masses of fat presenting a 
peculiar granulated appearance. Each testis is invested by a delicate 
capsule, and on removing this very carefully, the entire viscus is seen 
to bo made up of short caeca, the blind extremities of which alone 
appearing at the periphery of the organ caused Cuvier to describe it as 
being an agglomeration of little whiti.sh grains interwoven with blood- 
vessels. The semen elaborated by these caeca is taken up by several 
small excretory ducts that pierce the kidney, in the immediate vicinity 
of which the testis lies, and open into the ureter^ that here forms the 
common excretory duct, whereby the urine as well as the seminal fluid 
is discharged, both escaping into the cloaca at a little distance from the 
orifice of the allantoid bladder, to be ultimately ejected through the vent. 

(2017.) Neither is the generative system of the female Frog less 
worthy of notice. The ovaria resemble in their essential structure those 
of the Lamprey (§ 1846); only they are much less extensive, consisting 
of a few festoons of the highly vascular membrane wherein the ova are 
secreted, fixed at the pelvic extremity of the abdominal cavity. On 
each side of the body is a long and very tortuous oviduct, which when 
unravelled is found to be many times the length of the animal. The 
fimbriated commencement of this oviduct is firmly bound down by folds 
of peritoneum in the immediate vicinity of the pericardium, and, of 
course, as remote as possible from the ovary ; it therefore becomes a 
(piostion of no inconsiderable interest to determine the manner in which 
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tlio ova arc convoyed from the ovarian nidus to the orifice of the oviduct. 
It is obvious that tlicy must first break loose into the abdominal cavity, 
as we found tla'in to do in the liUmprey and the Eel, and that at length, 
having made tlu'ir way into the neighbourhood of the pericardium, they 
urr, s(‘iz('d ])y tlu' i)atulous extremity of the Fallopian tube, and thus con- 
v(‘y(!d out of tlu' })ody. As the ova 3^32. 

make tiK'ir transit through the ovi- 
duct they become imbedded in a 
tenacious albuminous secretion, and 
arc at length lodged in a dilated 
I)()rtion of the tube, to which tlic 
name of uterus has been very im- 
properly given, preparatory to their 
expulsion through the cloaca. After 
the eggs have been discharged into 
the surrounding water, the albu- 
minous mass in which they are 
imbedded swells considerably ; and 
when the young tadpoles are 
hatched, this material no doubt 
serves to nourish them during the 
earlier period of their existence. 

(2018.) In the Newt (Triton) 
impregnation takes place internally, 
although the male is still without 
any nidiment of an intromittent 
apparatus, so that we are compelled 
to believe that in the case of these 
Amphibia the simple ejection of 
the male fluid into the water in the 
vicinity of the female is sufficient 
to ensure its admission to the ova 

while still in the oviduct. An im- 

, . . Gi'norative organs of male Sajamander. 

provement is likewise visible m the 

construction of the internal viscera subservient to generation ; and a 
vas deferens, quite distinct from the ureter, makes its appearance. In 
the male Salamander (Triton cristatus) the testis during the breeding- 
season consists of two pyriform masses, from which the seminal ducts 
(fig. 352, c c) are derived. These soon unite to form a single convoluted 
tube (d), through which the semen is conveyed into the cloaca. The 
kidneys (n) and their excretory ducts (i i) are here placed consider- 
ably further back ; but the ureters terminate in the cloaca at the same 
point (m) as the vasa deferentia. Two other large glands (o o) are 
apparently connected with the generative fimctions, and their excretory 
ducts likewise open into the cloacal outlet. 
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(2019.) In the female Triton, as also in tlio Protons and Siren, the 
ovana and oviducts offer precisely the same arranj^ement as tliat met 
Tvith in the Fro^, already described *. 

(2020.) In the Ophidian, Chelonian, and Saurian orders, the t('st('S 
of the male sex are situated in the loins ; and in fact tliey oi'cupy the 
same position throu}?liout the oviparous Ycrtchrata : they offer no pecu- 
liarity of structure, only differing from those of the Frog in the in- 
creased length of the now contorted seminal cieca of which they are 
essentially composed. From each testis a long and fiexuous vas (hferrna 
conducts the semen into the cloaca. Here, howeviT, in these moi'e 
elevated forms of the lleptilia, we have another important addition to 
the male sexual apparatus — instruments being gi\'en to facilitate the 
impregnation of the female during that union of the sexes which now 
becomes essential to fecundity. The earliest appearance of the copula- 
tory organ is seen in Serpents and in the Lizard tribes ; and in such 
reptiles it will be observed that the penis is rather a provision for 
securing the juxtaposition of the sexual apertures of the male and female 
than an instrument of intromission. The two lateral halves of the penis 
(or corpora cavermsa, as we shall have to call them hereafter, when they 
become conjoined in the mesial jinc) arc as yet quite separate, and placed 
at each side of the cloacal fissure, from which they protrude when in a 
state |[ erection, so that there appear to be two distinct organs of 
excitement, or, more properly speaking, of prehension ; for each division, 
being of course imperforate, is covered with shar|) spines, and is ob- 
viously rather adapted to take take fi^m hold of the cloaca of the female 
than to form a channel for the introduction of the seminal fluid. 

(2021.) In the Chelonian Reptiles the penis is much more perfectly 
developed, and really constitutes a very efficient intromittent instrument. 
The two corpora cavernosa, after commencing separately, approach each 
other, and become united along the me.sial line so as to form a single 
organ of considerable size, terminated at its extremity by a glans- 
like dilatation. There is, however, no corpm spongiosum, nor urethral 
canal, properly so called : the latter is represented by a deep groove, 
which runs along the upper surface of the penis from the cloaca to the 
extremity of the organ ; and it is along this groove that the spermatic 
fluid is conveyed during coitus. 

(2022.) On making a section of this strange apparatus, two canals 
are discovered, running one on each side of the central fiirrow, along 
the whole length of the organ as far as the glans, where they terminate 
without at all communicating with the exterior ; but on tracing them 
in the opposite direction, they arc found to bo derived from the perito- 
neal cavity, into which they open by distinct orifices f. 

* Vide BusconI, Obaervations anatomiques aur la Sirene, miae en parallele avee 
Ic Prot6o et le T^tard de la Salamandre aquatique. Pavio, 1837. 

t Cuvier, Anat. Comp. tom. v. p. 115. 
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(202f‘}.) Two jxitraetor muscles, derived from the pelvis, and extending 
along the under surface of the penis quite to its extremity, fold the 
wliole organ hac-lc into the cloaca, where it lies concealed when not 
in use. 

(2024.) In th(.' Crocodiles and higher Saurians the penis in its struc- 
ture rcsc'mhles that of the Toi'toise; and instead of a urethra, there 
is merely a deep groove traversing tlic upper surface of the organ, along 
which the semen trickles out of the cloaca. 

(2025.) Throughout all the 
Reptile families the organiza- 
tion of the female generative 
system is so extremely similar, 
that one example will be abun- 
dantly sufficient for our purpose, 
the same description, in fact, 
being equally applicable to the 
Saurian, the Chelonian, and the 
Ophidian orders. The ovaries 
occupy their ordinary position 
in the lumbar region of the ab- 
domen, where they arc attached 
on each side of the vertebral 
column by a broad fold of peri- 
toneum: their structure is in 
all essential points precisely si- 
milar to those of the Amphibia ; 
but, owing to the increased pro- 
portionate size of the individual 
ova formed by their vascular 
membrane, they resemble a 
string of beads, or assume some- 
what of a racemose appearance. 

The oviducts arc long and flex- 
uous ; they commence by a wide 
orifice (fig. 353, b m), bj which 
the germs are taken up from the ruptured ovisacs of the ovaria in the 
same way as those of Mammalia are seized by the fimbriated extremities 
of the Fallopian tubes. The first portion of the oviduct is thin and 
intestiniform ; but lower down, where the investments of the egg are 
formed, its walls become thicker, and assume a glandular character 
(w, 0 , p ) ; they finally open into the cloaca ; and the mode of their ter- 
'mination in the Tortoise is exhibited in the accompanpng figure, where 
M, m, e M indicate the terminal portion of the right oviduct laid open, 
the left {a m, h m) being shown through its entire length. 

(2026.) The formation of the egg and the development of the embryo 


Fig. 353. 



Oviduct and ovum of feinivio Tortoise. 
^After Uojanus.) 
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are similar in all the oviparous Vertcbrata ; it will therctorc be mori) 
convenient, and prevent unnecessary repetition, if we defer tlie consi- 
deration of this important subject to the next chapter, — the reader bear- 
ing in mind that in all essential particulars the details wliicli will be 
given there, when we come to consider the growth of the Bird in ovo, 
are equally applicable to the Chelonian, Ophidian, and Saurian lUq)tiles. 


CHAPTER XXVIII. 

AVES— BIEDS. 

(2027.) The class of Vertebrate animals which now offers itself to 
our notice contrasts remarkably with the cold-blooded and apathetic 
inhabitants of the water, and even with the slow-moving Ee])tilc, that 
languidly crawls upon the surface of the ground, or drags on an amphi- 
bious existence in the marsh or on the shore. The Bird, ordained to 
soar into the regions of the air^ and not only to sustain itself in that 
thin medium, but to skim from place to place with astonishing rapidity, 
needs a strength of muscle and activity of limb even greater than that 
conferred upon the mammiferous quadruped. Senses of the utmost 
acuteness are now requisite, combined with instinct and intelligence 
of a high order ; and accordingly, both as regards their faculties and 
enjoyments, the feathered tribes far surpass the other oviparous Verte- 
brata. 

(2028.) Next to that improvement in the condition of the nervous 
system, which wo have all along been able to trace advancing pari passn 
with the increase of sagacity and the expansion of the bodily faculties, 
the most remarkable circumstance observable in the economy of Birds 
is the elevated temperature of their bodies and the heat of their circu- 
lating fluids. In the Reptile an impure and semioxygenized blood was 
slowly propelled through the system from the undivided ventricle of 
their trilocular heart, and we found their energies, their instincts, and 
their afi’cctions proportionately feeble and obtuse ; but now, not only 
does the heart become divided into four cavities (one ventricle being 
appropriated to transmit venous blood to the lungs, while the other 
drives a pure and highly-artorializcd fluid in copious gushes to the 
remotest regions of the body), but, as though even this^was not suffi- 
cient to meet the necessities of the case, the whole interior of the Bird 
is permeated by the atmospheric air, which penetrates even into the 
bones ; and the respiratory function being thus rendered as complete as 
possible, all parts of the muscular system are abundantly supplied with 
blood arterialized to the utmost, and every fibre, quivering with life 
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intonse, is ready to exert that vigorous activity which brings down the 
falcon upon his (juarry like a thunderbolt from the clouds, or sustains 
th(; migratory bird through long and perilous journcyings. 

(2029.) But increase of muscular energy is by no means the only 
conse(]ucnce resulting from more perfect respiration and a consequently 
increased temperature of the blood : the clothing of the body must now 
bo changed for a warmer covering than scales or horny plates ; feathers 
arc therefore at once provided, as the lightest, warmest blanket that 
could be given: maternal care, which to the cold-blooded Ovipara 
would have been a useless boon, can now be beneficially exercised ; the 
eggs, no longer left to chance, are cherished by the vital heat of the 
parent ; and the callow brood, during the first period of their lives, are 
dependent for support upon the watchful attentions of the beings from 
whom they derived their existence. 

(2030.) The skeleton of a vertebrate animal formed for fiight must 
obviously be constructed upon mechanical principles widely different 
from any that have yet come under our notice. The utmost lightness 
is indispensable ; but still, in a framework which has to sustain tlu^ 
action of muscles so vigorous, strength and firmness are equally essen- 
tial : it is in combining these two opposite qualities that the human 
mechanician displays the highest efforts of ingenuity, and by the scientific 
disposition of his materials exhibits the extent of his resources 4id the 
accuracy of his knowledge j but let the best-informed and most inge- 
nious mechanic carefully and rigidly investigate the skeleton of a bird, 
and we doubt not that in it he will find all his art surpassed, and derive 
not a little instruction from the survey. 

(2031.) In the spinal column of a bird wc find three principal 
regions, each of which will merit distinct notice. 

(2032.) The anterior or cervical region is exceedingly variable in its 
proportionate length, and forms the only flexible portion of the spine : 
it pciforms, indeed, the office of an arm, at the extremity of which the 
beak, the chief instrument of prehension, is situated. The number of 
vertebra) entering into the composition of this part of the spinal column 
is very variable : in the Swan there are as many as twenty- three ; in 
the Crane, nineteen ; while in the little Sparrow nine only are met 
with : their bodies are joined together by articulating facets enclosed in 
synovial capsules, and not by the interposition of inteiTcrtebral sub- 
stance ; an intcrarticular cartilage, however, is generally met with, by 
which the movements of the chain are facilitated. The spinous and 
transverse processes are short ; while the oblique processes, united by 
articulating surfaces, limit the mobility of the neck. 

(2033.) Although this portion of the spine is very properly designated 
the cervical region,” wo are not on that account to imagine that the 
vertebra) composing it are unprovided with ribs : on the contrary, rudi- 
mentary costal appendages are generally found connected 'with their 
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transverse processes, which, in the young bird, arc obviously separate 
elements, although they afterwards become united by anchylosis. 

(20134.) Ihit if flexibility is thus abundantly provided for in tin 
cervical portion of the vertebral column, it is (piitc evident that in the 
thoracic portion of the skeleton, which has to support the framework of 
the wings, and sustain the elforts of the muscles connected with flight, 
firmness and rigidity become essential requisites ; and accorduigly every- 
thing has been done to prevent those movements which in the neck were 
so advantageously permitted. The bodies and spinous processes of the 
contiguous vertebra) are therefore here firmly consolidated together by 
anchylosis ; and, moreover, splints of bone, derived from the transverse 
processes, overlap each other and still further add to the stability and 
strength of the back. 

(2035.) The ribs appended to the doraal vertebrae may be called the 
true ribs ; these enter into the composition of the thorax, and materially 
assist in strengthening that region. Each rib, as in tho Crocodile, pre- 
sents a dorsal and a sternal portion, connected together by a joint : the 
former are attached to tho vertebrae by a double articulation, their 
spinal extremity being furcate ; while the latter are articulated to the 
sides of the sternum. A thorax is thus formed, possessing sufficient 
mobility to perform the movements connected with respiration, but still 
affordifg a strong basis to supi)ort muscular action ; and in order to 
give the greatest possible strength, from tho posterior margin of each 
dorsal rib a broad flat process is prolonged backwards and upwards to 
overlap the rib next behind, so as in this manner to bind the whole 
together into one strong framework. 

(2030.) Tho sternum itself is developed in proportion to the enormous 
size of the three pectoral muscles which constitute the great agents in 
flight : it is principally composed of the central azygos element before 
noticed in the Tortoise, which is hero remarkably dilated, and in birds 
of flight prolonged infcriorly into a deep kccl-like process, so as to 
increase materially the extent of surface from which the muscles of the 
breast take their origin ; but in the cursorial genera, such as the Ostrich, 
tho Emeu, &c., where the Avings are not available for flying, the keel is 
entirely wanting, and tho sternum forms merely a kind of osseous shield, 
covering comparatively a very small portion of ’che breast. 

(2037.) Whoever considers the position of the hip-joint in tho fea- 
thered tribes, and reflects how far it is necessarily removed behind the 
centre of gravity when tho bird walks, carrying its body in a horizontal 
position, will at once perceive that the i)elvic portion of the spine, 
having to sustain tho whole weight of the trunk under the most un- 
favourable circumstances, and at tho same time to give origin to the 
strong and massive muscles wielding the thigh, must be consolidated 
and stroiigthcncd in every possible manner, and that even the slight 
degree of movement permitted in the dorsal region would hero bo inad- 
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inissiLlc. The lumbar and tho sacral vertebra?, and the entire pelvis, 
are tberetbre? at an early period solidly united together by anchylosis 
into one bone, and the 
number of the vei tohra? 
composing this part of 
the skeleton is only di- 
stinguishable from the 
situation of the interver- 
tel)ral foramina through 
whieh the spinal nerves 
jire given olf. In very 
ytuing birds the pelvis 
is evidently formed by 
the three elements that 
usually enter into its 
composition ; and the 
I’Zmm, the iscliiunif and 
the pubis, as well as the 
ischiadic notch and obtu- 
rator foramen, will all 
bo at once recognized by 
tho anatomist, occupying 
their usual relative positions, although ho will not fail to notice one 
remarkable circumstance, namely that, except in one instance (the 
Ostrich), the ossa pubis do not meet in front, so that there is no pubic 
arch or symphysis. 

Fig. 355. 




Wing of Dird. 

(2038.) The anterior extremity of a bird, although an instrument 
of flight, is found, when stripped of those feathers and long quills that 
form the extensive surface presented by this member during life, still 
closely to adliere to the general type in accordance with which this 



720 


AYES. 


part of the skeleton is invariably constructed. The framework of the 
shoulder exhibits the scajjula the clavicle (<I), and tlu^ cora- 

coid element (c), notwithstanding that these bones, forming, as they 
do, the basis of a limb so vigorous, and wielded by such powerful 
muscles, are necessarily modified in their fonn and general arrange- 
ment, so as to constitute strong buttresses adapted to keep the shoulder- 
joint firm and steady during flight. The scapula (h) is a long and 
slender bone placed upon the ribs, and lying parallel to the spine along 
the dorsal region of the thorax, imbedded in the muscles to which it 
gives attachment, while at^pita fixed extremity it assists in forming the 
cavity of the shoulder-joint. The coracoid hone (c) is the great support 
of the shoulder ; for while at one extremity it sustains the wing, at 
the opposite it is firmly and securely united to the sternum by a broad 
articulation. But the most peculiar element of this apparatus is the 
furculuniy or forked bone (d), composed of the conjoined clavicles, 
which, being anchylosed together in the mesial line, and also strongly 
connected with the shoulder-joint, materially add to the stability of 
the whole. 

(2039.) In the wing itself, the humerus (/) is at once recognized, as 
also the ulna (g) and the radius (h). But in some birds, as in the 
Penguin, the student might be at a loss to identify one or two small 
bonest^)), forming a kind of patella to the elbow-joint ; these appear 
to be the representatives of the olecranon process detached from the 
ulna. The (i) consists of only two small bones. The metacarpus 

is formed of two pieces (it, Z), anchylosed together at their two extremi- 
ties ; and these, with two, or in some cases three rudimental fingers, 
complete the wing. The largest linger consists of two, or sometimes 
three phalanges (m, o) ; a second (w) offers but a single joint ; and the 
third, which is a mere rudiment when present, is an appendage to the 
radial side of the carpus. 

(2040.) In the pelvic extremity (fig. 354) the femur is a short and 
strong bone ; to this succeeds the tihiay upon the outer side of which is 
fixed a rudimental fibula. The tarsus can scarcely be sai^ to exist, 
being at a very early ago confused with the metatarsus y—iho whole 
forming a single tarso-metatarsal bone, which, in the Wading Birds espe- 
cially, is of very great length : at its distal extl-emity are three articular 
surfaces that support the three anterior toes, while a fourth too, the 
hallux j directed backwards, is attached to it posteriorly by the interven- 
tion of a small accessory piece % and in Gallinaceous Birds an osseous 
spur, consolidated with the posterior face of the tarso-mctaUirsal bone, 
is generally considered as a fifth toe. 

(2041.) The number of toes varies in different tribes of birds. Thus, 
in the Ostrich there are only two ; in many genera there are three ; in 
by far the greater number, four ; and in the Gallinaceay five. But what- 
ever the number of toes may be, the number of plialanges peculiar to 
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each is romarkaiily constant : thus, the outermost toe always consists of 
five phalanges; the fourth toe invariably of four; the third as constantly 
of three ; the second, when it exists, has only two ; and, lastly, in the 
spur or innermost toe there is but a single piece. 

(2042.) So rapidly is the process of ossification accomplished in the 
skeleton of a bird, that it is only in very young animals the individual 


Fig. 350. 



Skull of a young Ostrich. 


bones or elements composing the cranium can be identified, as the 
sutures speedily become obliterated : when, however, they are examined 
under very favourable circumstances, as for example in the skull of a 
young Ostrich, it is by no means difficult to distinguish them, and, by 
comparing them with those of other Vertebrata, to observe the modifi- 
cations they have undergone both in form and position. In the annexed 
figure the principal pieces, both of the cranium and face, have been in- 
dicated by the same figures as were used to point out the correspondent 
bones in the skulls of the Crocodile (fig. 332) and the Serpent (fig. 335) ; 
so that i# would be needless again to enumerate them in this place. 

(2043.) The muscular system of the feathered tribes, as far as ac- 
tivity and energy of motion is concerned, contrasts strikingly with that 
of the Vertebrata we have as yet considered ; for, with the exception of 
Insects, no animals in creation are comparable to Birds, either in the 
vigour or velocity of their movements. 

(2044.) This perfection of muscular power, which is obviously essen- 
tial to enable tfie bird to sustain itself in the air, and there perform the 
varied evolutions connected with flight, is no doubt mainly connected 
with the highly arterialized condition of the blood and the complete- 
ness of the respiratory apparatus. Neither is it uninteresting to observe 
that, while respiration was efiected in the Insect by the admission of air 
to every part of the system by means of tracheal tubes, in Birds like- 

3a 
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wise tlie air freely penetrates to tho interior of the body, and, as wo 
shall afterwards find, is there most extensively diffnsed. 

(2045.) In the construction of the alimentary system, there arc many 
interesting peculiarities to invite our notice. Their mouth constitutes 
the apparatus whereby the prehension of food is accomplished ; it is in 
no instance provided with teeth, or adapted to masticate food, but forms 
a beak encased in a dense, homy sheath, which, from the varieties of 
form that it assumes in different genera, becomes adapted to very various 
purposes. 

(2046.) In tho Rapacious tribes, for instance, tho bill is a vstrong and 
formidable hook, calculated to tear in pieces the animals devoured. In 
Granivorous birds, it is a simple forceps for picking up the seeds of 
vegotahlcs. In the Snipe and the Curlew it forms a probe, whereby 
insects are extracted from the soft and marshy ground. In the Parrot 
it is partially an assistant in climbing, as well as an organ for seizing 
food; and, not to mention innumerable other modifications, in the 
ITamingo and Duck tribes it constitutes a shovel, by tho aid of which 
alimentary matters are obtained. 

(2047.) The sense of taste, even in these highly-gifted animals, is as 
yet but very imperfectly developed; and their tongue, instead of being 
soft and flexible, as in the Mammalia, is supported by one or two bony 
pieces, 4(erived from the os h 5 xides (fig. * 457 ), and covered with a horny 


Fig. fioT. 



sheath, obviously ill adapted to gustation, hut simply assisting in the 
deglutition of food. We must not bo at all suiprised, therefore, if even 
in birds the tongue is convertible into various instruments assisting in 
the apprehension or preparation of nourishment : thus, in the Parrot 
it is a thumb opposable to the upper mandible, and eminently serviceable 
in holding and turning nuts or morsels of fruit ; in the honey-eating 
tribes the tongue is armed at its extremity with a tuft of homy filaments, 
resembling a camel-hair pencil, which, being plunged into the bell of a 
flower, sucks up the nectar from the bottom ; and in the Woodpecker 
it is absolutely converted into a harpoon, whereby the insect is speared 
in its lurking-place and dragged into the mouth. 
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(2048.) In most birds, in consequence of tbe very small size of the 
cavity of the stomach, or gizzard, as it is generally called, some other 
receptacle for the aliment becomes indispensable; and accordingly 
various provisions have been made for lodging food in sufficient quan- 
tities in situations whore it may be retained until the gizzard is ready 
to receive it. In birds that catch insects on the wing, this is most con- 
veniently effected by dilating the fauces and upper part of the throat 
into a capacious chamber, wherein the insects as they are seized accu- 
mulate : this is remarkably the case in the S^vifts. In the Pelican a 
vciy^ peculiar plan is adopted ; the beak is amazingly prolonged, and be- 
neath the lower jaw is suspended a white pouch, formed by the skin of 
the throat, wherein large quantities of fish may be contained and carried 
about. Ill other fishing birds the whole oesophagus is extraordinarily 
capacious, and will hold a considerable supply ; but the most usual ar- 
rangement in birds requiring 
such a reservoir is the exist- 
ence of a croji, or dilatation of 
some part of the gullet into a 
wide bag (ingliwies)^ where- 
in grain or other substances 
hastily picked up may be stored 
preparatory to digestion. After 
expanding into the crop in 
those birds that possess this 
cavity, the oesophagus again 
contracts to its former dimen- 
sions (fig. 858, a ) ; but just 
before terminating in the giz- 
zard, it again dilates to form a 
second but smaller cavity (6), 
called the jproventncuhiSy or 
hdhus glandulosusj in which 
the food undergoes further 
preparation. The walls of 

the proventriculiis are thickly ^ ^ 

studded with large glandular ’***^'^ o a ir . 

follicles, variously disposed, from whence a copious secretion of gastric 
juicCf’^ as it is called, is poured out and mixed with the aliment. Having, 
therefore, undergone maceration in the juices of the crop, and become 
subsequently sa^rated with the gastric fluid, that constitutes so import- 
ant an agent in digestion, alimentary substances are at length received 
into the gizzard (r), where further preparation is necessary. 

(2049.) The gizzard in such birds as feed upon vegetable substances 
is an organ possessing immense strength, and constitutes, in fact, a 
crushing mill, wherein nutritive materials are bruised and triturated, 

8 A 2 




724 


AVES. 


Its cavity is very small, and lined with a dense, ^ coriaot'ous ciitiriilai 
stratum ; and its substance is almost entirely made up of two dense and 
enormously powerful masses of muscle, the hbres of which radiate from 
two central tendons (fig. 358, r), situated upon the opposite sides of the 
viscus. The action of these lateral muscles ^nll ob\'iously grind and 
crush with great force whatever is placed in the central cavity, a pro- 
cess that is materially expedited by the presence of hard and angular 
pebbles, swallowed for the purpose, by the assistance of which the con- 
tained food is speedily comminuted. 

(2050.) Another and much feebler set of muscles (r^) bounds the 
cavity of the gizzard in the intervals between the great lateral masses 
which, receiving the food from the proventriculus, perpetually feed this 
living mill, and retain the material to be ground within the influence of 
the crushers until it is properly prepared, when other fibres, acting the 
part of a pylorus, allow it to pass on into the duodenum (e). 

(2051.) The intestinal canal of Birds is, as in other classes, very 
variable in its relative length as compared with that of the body ; its 
calibre is pretty equal throughout, and the division into large and small 
intestines can scarcely be said to exist. Commencing from the pylorus, 
the duodenum (fig. 359, d h) is always found to make a long and very 
characteristic loop, embracing the lobes of the pancreas (e e) ; and then, 
after sindry convolutions, the intestine is continued to its termination 
in the cloaca. The division between the large and small intestines is 
indicated by the presence of one, or more generally two, caccal , append- 
ages, which communicate with the cavity of the gut at no great distance 
from its cloacal extremity. 

(2052.) In Birds, the auxiliary secretions subservient to the digestive 
process are the salivary, the gastric, the hepatic, and the pancreatic. 

(2053.) The salivary apparatus varies much in structure and dispo- 
sition in different tribes. In its simplest form it consists of distinct 
secerning follicles, placed immediately beneath the mucous membrane 
of the mouth, into which the secretion is poured by numerous orifices. 
In the Gallinaceous birds the glands assume a conglomerate character. 
In the Turkey there are two pairs *: the first pair forms a cone, having 
its apex directed towards the extremity of the beak ; and the two glands 
of the opposite sides touch each other along the mesial line through 
almost their entire length, filling up anteriorly the angle of the lower 
jaw. These glands are situated immediately beneath the skin, but in 
front they touch the mucous membrane of the mouth ; and their secre- 
tion is poured into the buccal cavity by several orifices. The second 
pair of glands is smaller, of an elongated form, and is placed above the 
posterior third of the former ; this is immediately in contact with the 
mucous lining of the mouth. 

(2054.) In the Woodpeckers the glands that secrete the fluid whereby 
* Cuvier, Le 9 ons d’Anat. Comp. tom. iii. p. 221. 
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tlie tongue is lubricated are of very considerable size. They pass 
further back than the angle of the lower jaw, extending even to be- 
neath the occiput; and thcii* secretion, which is viscid and tenacious,* 
cnttTs the mouth by a single orifice situated under the point of the 
tongue. 

(2055.) In the generality of birds, however, there is only one pair of 
salivary glands ; and these, in many cases, seem to be united into a 
single mass, separated posteriorly into two lobes, and situated beneath 
the palatine membrane, behind the angle of the rami of the lower jaw. 
From these glands a thick, white and viscid fluid is poured into the 
mouth through numerous orifices, principally disposed along the mesial 
line which separates the two glands. 

(2056.) We have already spoken of the gastric glands which densely 
stud the coats of the proventriculus, and furnish the “ gastric juice,” 
and therefore pass on to notice the other subsidiary chylopoietic viscera, 
namely, the liver, the pancreas, and the spleen. 

(2057.) The liver is a viscus of considerable magnitude, consisting of 
two principal lobes, and firmly suspended in situ by broad ligaments and 
membranous processes. The vena portoBy supplying that venous blood 
from which the bile is elaborated, is formed by vessels derived from 
numerous sources, receiving not only tie veins of the stomach, spleen, 
and intestines, as in Mammalia, but likewise the renal and sacral fsins, — 
another proof, if any were wanting, that no arrangement by which the 
decarbonization of the blood can be facilitated has been omited in the 
organization of the class before us. The hepatic arteries and the hepatic 
veins present nothing remarkable in their disposition; but the course of 
the bile from the liver into the intestine merits our notice. Two sets 
of duels arc provided for this purpose : the first (fig. 359, i) carries 
the bile from the liver into the gall-bladder ((/), from which another 
duct convoys the bilious fluid into the duodenum ; but the second set of 
bile-vessels conducts the secretion of the liver at once into the intestine, 
by a wide canal (o) that has no communication whatever with the 
gaU-bladder. There is, therefore, no arrangement like that of the 

ductus communis clioledochus'^ of Mammals ; if the bile is wanted im- 
mediately, it passes at once into the intestine tlirough the duet o ; but 
if digestion is not going on, it is conveyed into the gaU-bladder through 
the duct i, to be there retained until needed. 

(2058.) The pancreas (fig. 359, ee)ia a conglomerate gland of con- 
siderable size, situated in the elongated loop formed by the duodenum : 
it generally consists of two portions more or less intimately connected, 
and from each* portion an excretory duct (a) is given ofl‘; these two 
ducts terminate scjiarately in the intestine, in the immediate vicinity of 
the openings of the biliary canals. In some birds even three pjincreatic 
ducts arc met with, as is the case in the common Fowl ; but under such 
circumstances the third duct, instead of opening into the intestine at 
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tlio same point as the other two, issues from the opposite extremity ol 
the pancreas, and enters the middle of the duodenum at the place whciv 
the gut turns upon itself. 

Fig. ao9. 



Digeative apparalns of a Fowl. 

(2059.) The s;pleen (fig. 359,/) is of very small size in all birds; it 
is situated near the anterior extremity of the pancreas, and is loosely 
connected to the side of the proventriculus (?>). The distribution of its 
vessels and its general structure arc the same as in Mammalia. 

(2060.) The lymphatic system is well developed ; and the course of 
the lymphatic vessels has been investigated with great care by various 
anatomists. The vessels themselves arc thin, and have but few valves ; 
they principally accompany the larger blood-vessels from all parts of 
the body to the aorta, around which they form a plexus, and ultimately 
join to give rise to two principal trunks or thoracic ducts ; these termi- 
nate severally in the right and left jugular veins, and into these vessels 
the greater proportion of the lymph and chyle absorbed is of course 
poured, to be mixed with the circulating blood. 

(2061.) Before describing the circulatory apparatus of Birds, it will 
be advisable in the next place to consider the nature and disposition of 
their organs of respiration, which, from what has been already stated 
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concerning the heat and purity of the blood in these creatures, wo are 
prepared to find presenting the highest possible condition of develop- 
ment. Birds, in fact, breathe not only with their lungs, but the vital 
clement pcnctnites every part of the interior of their bodies, bathing 
the surfaces of their viscera and entering the very cavities of their 
bones ; so that the blood is most extensively subjected to its influence. 
The lungs, in fact, are no longer closed bags as those of Reptiles are, 
but rather resemble spongy masses, of extreme vascularity, firmly bound 
down in contact with the dorsal aspect of the thorax, — ^their posterior 
surface being fixed to the ribs on each side of the vertebral column, and 
entering deeply into the intercostal spaces. Such lungs are obviously 
incapable of alternate dilatation and contraction; so that inspiration and 
expiration must bo provided for by a mechanism specially adapted to 
the emergency. From an examination of fig. 360, the arrangement 


Eig. 306. 



Inferior larynx and lungs of a bird. 

adopted will easily bo understood. The bronchi derived from the bifur- 
cated inferior extremity of the trachea plunge into the anterior face of 
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the lungs (c c), and by innumerable canals distribute air throughout 
their spongoid substance ; but the main trunks of the bronchial tubes, 
passing right through the pulmonary organs, open by wide mouths, 
represented in the figure, into the cavity of the thorax, into which the 
air likewise freely penetrates. The whole thoracico-abdominal cavity 
is moreover divided by septa of serous membrane into numerous inter- 
communicating cells, all of which are freely permeated by the atmo- 
spheric fluid, which in most instances is admitted into the very bones 
themselves, and even penetrates to the interspaces between the muscles 
of the neck and hmbs, thus, in some birds of powerful flight, gaming 
free access to almost every part of the system. 

(20()2.) The mechanism by which the air is drawn into, and then 
expelled from, this extended series of respiratory cells is sufiiciently 
simple, the whole being accomplished by the movements of the ex- 
panded sternum, assisted slightly by the abdominal muscles. The 
descent of the sternum from the vertebral column necessarily enlarges 
the capacity of the chest, and, acting like a great bellows, sucks in air 
through the trachea, which not only fills all the spongy substance of 
the lungs, but penetrates to all parts whereunto air is admitted ; while 
the ascent of the sternum, and consequent contraction of the thoracico- 
abdominal space, alternately effe'ets its expulsion. 

(206J^) The results obtained by this unusual arrangement are of 
groat importance in the economy of the feathered races. In the first 
place, the perfect oxygenization of the blood is abundantly secured. 
Secondly, from the high temperature of the blood, the air drawn in 
becomes greatly rarefied, and thus materially diminishes the specific 
gravity of the bird. Thirdly, from the inflation of the whole body, the 
muscles, more especially those of flight, act with better leverage and 
firmer purchase ; so that their efforts are materially favoured. And, 
lastly, it is owing to the capacity of the air-cells that the Singing Birds 
are enabled to prolong their notes to that extent which renders them 
pre-eminent among the vocalists of creation. 

(2064.) In connexion, therefore, with the respiratory system of the 
feathered races, it will be advisable, in the next place, to consider the 
construction of the air-passages whereby the atmospheric fluid passes 
into and out of the body, and more especially of the organs of voice 
connected with them. 

(2065.) The trachea is of very great proportionate length in corre- 
spondence with the elongated neck-commencing at the root of the 
tongue, and extending into tho thoracic cavity, where it divides into two 
bronchial tubes, one appropriated to each lung (fig. 300, 1 1), The 
trachea of Birds is composed of cartilaginous rings, which are very 
generally ossified,— each ring, with the exception of two or three imme- 
diately beneath the upper larynx, forming a complete circle (fig. 361, a) 
surrounding tho tracheal tube : these rings are enclosed between the soft 
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membranes of the trachea, and thus keep the air-passages constantly 
permeable to the atmosphere. 

(2066.) In many birds, especially 
among the web-fboted tribes, the^ 
trachea suddenly dilates into wide 
chambers or cavities of different 
forms and dimensions — a circum- 
stance the object of which has not 
as yet been satisfactorily explained ; 
and, what is still more inexplicable, 
in some genera, and those too with 
the longest necks, as, for example, the 
Wild Swan and many of the Wading 
birds, the lower part of the trachea 
is lengthened out and variously 
contorted before it terminates in the of the superior larynx of a bird, 

chest. This long trachea is provided 

with muscles whereby the rings may be approximated ; and thus the 
length of the tube is considerably modified: these muscles (fig. 360, a, n,^) 
arise from the sternum, and sometimes also from the furciila, and are 
continued along the sides of the windpipe throughout its whole length. 

(2007.) The upper larynx, or rima^glottklis^ is in Birda^but of 
secondary importance in the production of vocal sounds : it is a simple 
fissure bounded by two osseous pieces (fig. 361, a, b, /), corresponding 
with the arytenoid cartUayes of Mammalia ; these, however, in the Bird 
are not connected with chordae vocaleSy but simply, as they are separated 
or approximated, open or close the fissure of the glottis. When, there- 
fore, we compare the framework of this organ with the cartilaginous 
pieces found in the larynx of Mammalia, considerable difference is per- 
ceptible, insomuch that it is not easy positively to recognize the analo- 
gous portions, more especially as in the Bird the cartilages are more or 
loss completely ossified. If the broad anterior plate (fig. 361, b) bo 
considered as the thyroid cartilage, wo must suppose the cricoid to bo 
represented by three distinct ossicles, two of which (c c) are lateral, 
while the third or central portion (e) supports the arytenoid bones (//), 
which are movcably articulated with its anterior margin. The aryte- 
noid bones themselves are of an elongated form, and each presents a 
long process (y y) for the insertion of the muscles that act upon them. 
These aiytcnoid bones are moved by two pairs of muscles — the super- 
ficial pair (thyro-arytenoidei) (fig. 362, b) serving to pull asunder, while 
the more deepJy-scated (constrictores ylottidis) (fig. 362, a) bring toge- . 
thcr the lips of the glottis. 

(2068.) It is the lower larynx, situated at the opposite extremity of 
the trachea, at the point where that tube gives off the bronchi, that the 
real vocal apparatus of birds is situated ; and in the more perfect Singing 
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Birds a very important set of muscles is appropriated to perform those 
delicate movements that regulate the condition of the air-passages at 
this part, and thus give rise to all the varieties of tone of which tho 
voice is capable. 

(^2069.) In tho Insessorial Birds, by 
far the most accomplished songsters, 
five pairs of muscles are connected with 
the inferior larynx, and so disposed as 
to influence both the diameter and 
length of the bronchial tubes (fig. 360, 

A, B, n, 0, 2, s, h). In the Parrots, three 
pairs only are met with*; some of the 
Natatores have two ; other Natatorial 
birds, as well as the Rasorcs and Gml- 
latores, only one ; and in a few, as the 
King of tho Vultures and the Condor, 
the vocal muscles are quite deficient. 

(2070.) Not only is the respiration 
of these highly- gifted Vertobrata thus 
abundantly provided for, but, as an im- 
mediate consequence of the Necessity 
for supplying the system with, pure and 
highly-oxygenized blood, the heart, 
hitherto but imperfectly divided, becomes now separated into two 
distinct sets of cavities, each composed of an auricle and of a strong 
ventricular chamber. The right side of tho heart receives the vitiated 
blood from all parts of the system, which is poured into the corre- 
sponding auricle by three large veins, viz. one inferior and two superior 
vence cavee. The contraction of this auricle drives the blood into the 
right ventricle, — the auriculo-ventricular opening being guarded by a 
broad fleshy valve, formed by the muscular substance of tho heart itself; 
and hence tho venous blood is forced through all the ramifications of 
the pulmonary arteries. 

(2071.) The aerated blood is then returned from tho lungs by two 
veins, which pour it into the left auricle ; and the left ventricle, now 
entirely appropriated to the systemic circulatio/i, diffuses it through the 
body : thus, all mixture of the venous and arterial fluids being prevented, 
the system is supplied by the left side of the heart with pure and highly- 
vitalized blood. 

(2072.) In the nervous system of Birds there is a very perceptible 
improvement when compared with that of Reptiles, more especially in 
the increased proportional development of the cerebral hemispheres: 
still, however, there are no convolutions seen upon tho surface of the 
cerebrum, neither are those extensive communications between tlie 
* Vide Yarrell on the Organs of Voice in Birds (Linn. Trans, vol. xvi.). 
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Musclt s of tlu* tivijuTioi’ larynx 
of a bird. 
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lateral halves as yet developed which in the higher Mammalia assume 
such size and importance ; the corpus callosum and fornix are both 
wanting, a simple commissure being still sufficient. Neither has the 
cerebellum in these animals assumed its complete development, pre- 
senting only tlic central portion ; so that the pons VaroUi, or the great 
commissure which in Man unites the lateral cerebellic lobes, is of course 
deficient. The olfactory and optic lobes are even here recognizable as 
distinct elements of the cerebral mass, and the origins of the nerves 
strictly conform to the arrangement already described in the brain of 
Reptiles. The rest of the cercbro-spinal axis presents no peculiarity 
worthy of special notice ; and the general distribution of the cerebral 
and spinal nerv’^es is so similar in all the Vertebrata, that it would be 
useless again to describe them in this place. 

(2073.) The si/mpathetic system in Birds is well developed, and its 
arrangement differs in no essential particular from what is seen in the 
human body : the situation of the cervical ganglia is, however, peculiar, 
inasmuch as they arc lodged in the bony canal formed by the transverse 
processes of the vertebrfe of the neck for the reception of the vertebral 
artery, and arc thus securely protected, in spite of the unusual length 
and slenderness which the neck not unfrequently exhibits. 

(2074.) But if in the general arran|cment of the nervous system of 
the feathered races there is little to ar^;cst our notice, we shaljfind in 
the construction of the organs of their senses many circumstances of con- 
siderable iiiterest to the physiological reader ; and consequently these 
will require a more extended description. 

(2075.) The sense of touch must obviously be extremely imperfect in 
these animals : their body, enveloped in feathers, can be little sensible 
to impressions produced by the contact of external objects ; and their 
limbs, covered as they arc with plumes, or cased in horny scales, are but 
littlo adapted to exercise the sense in question. The beak alone offers 
itself as calculated to be a tactile instniment ; but even this, enclosed as 
it is in the generality of bii’ds by a dense corneous case, must be very 
inefficient in investigating the outward surfaces of substances ; never- 
theless in some tribes the beak is undoubtedly extremely sensitive, and 
is used to search for food in marshy soils, or to find it in the mud at the 
])()ttom of shtillow waters. This is the case, for instance, in many of the 
long-billed Wading Birds, and also in the flat-billed aquatic families, 
such as the Goose and Swan ; in these, in fact, the covering of the beak 
is comparatively soft, and the nerves that supply it, derived from the 
fifth pair, are of very considerable size. 

(2070.) As we advance from the lower to the more highly gifted 
races of the animal creation, taste is evidently one of the last indulgences 
grunted ; and even in Birds it is only necessary to inspect the structure 
of tlie tongue in order to be convinced that they can derive but small 
enjoyment from this source. The skin of the tongue in these creatures 
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is totally devoid of gustatory papilUe, and trequently, indeed, enveloped 
in a homysheath ; so that, if the sense of taste exists at all, it must be 
to the last degree limited and obtuse. 

(2077.) In return, however, for the imperfection of the above senses, 
tho olfactory apparatus in this chuss of animals begins to assume far 
greater importance than in the cold-blooded Vertebrata ; and the imsal 


Fig. 303. 



Olfactory apparatus in a Goose. 


cavity indicates, by its extent, that it is now well adapted to investigate 
the odorous properties of the air taken in for respiration. The septum 
»ianwwfcompletely divides the. nose into two lateral chambers of consi- 
derable extent, which individually communicate with the pharynx (fig. 
363, c) ; and, upon the outer wall of each compartment, three convo- 
luted laminoe, covered with a most delicate Schneiderian membrane, re- 
present the turbinated bones of Mammalia, and increase the olfactory 
surface. Of these, the middle turbinated bone (fig. 363, a) is the largest ; 
but the superior appears to be the most important, as it is upon this that 
the olfactory nerve is principally distributed, insomuch that Scarpa con- 
sidered that the comparative powers of smell possessed by different birds 
might bo estimated by tho development of this portion of the olfactory 
organ. The olfactory nerves (fig. 363, 6), as in Reptiles, stiU enter the 
nose without dividing, so that there is no cribriform plate to the ethmoid 
hone. The nostrils aro simple apertures, perforating some part of the 
horny beak covering the upper mandible, and are never provided Avith 
moveable cartilages or muscles, as those of Mammalia will be found 
to be. 

(2078.) The eye of a Bird is an optical instrument of such admirable 
construction, that, did not the nature of this work compel us to adopt 
the strictest brevity in our descriptions, it might well tempt us to in- 
dulge in lengthened details relative to tho adaptation 'and uses of its 
various parts. If we contrast the Bird with tho Reptile, or more espe- 
cially with tho Fish, and consider tho totally different circumstances 
under which these animals exercise the sense of vision, we may well 
expect extraordinary modifications in the structiuro of their organs of 
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sight. The Fiah, immersed in a dense medium, can see but to a very 
limited distance around it ; and the sphericity of the crj-atalliiie lens, 
with the eonsequent contracted antero-posterior diameter of the eye- 
ball, at once testifies Iioav small is the sphere of vision commanded by 
the finny tribes. The Bird, on the contrary, dwelling in the thin air, 
and not unfrequcntly soaring into regions where that air is still further 
raixificd, must survey a horizon even more extensive than that enjoyed 
by the terrestrial Mammal ; while, from the rapid movements of the 
feathered races, it becomes absolutely requisite that the ftHiis of the 
ey(; shall continually vaiy between the extremes of long- and short- 
siglited vision. The birds of prey, as they fan the air at an altitude 
which places them almost beyond the reach of human sight, or sail in 
broad gyrations through the sky, arc scanning from that height the 
surface of the ground, and looking out for mice or other little animals 
on which to feed : hut when the prey is seen, and the bird, shooting 
down with the rajiidity of a thunderbolt, stoops upon the quarry, it 
must obviously be indispensable that it should sec with as much clearness 
and distinctness when close to its victim, as it did when far remote ; 
and to enable it to do this, special provisions have been made in the 
structure of the eyeball. 

(2079.) A glance at fig. 365, exhibfting a section of the eye of an 
Owl, will show the anatomist that, in its general composition, % organ 
is similar to that of Man. The sclerotic and the choroid tunics present 
the same arrangement, the transparent humours of the eye occupy the 
same relative positions, and 
the iris and ciliary folds exist, 
as in the human subject. De- 
scending from generalities, 
however, he will find many 
points in the organization of 
a bird’s eye eminently deserv- 
ing separate examination ; and 
it is to these we would speci- 
ally invite his notice. First, 
the shape of the eyeball is 
peculiar ; it is not spherical, 
as in Man, nor flattened an- 
teriorly, as in Fishes and 
aquatic Reptiles ; but, on the 
contrary, the cornea is rendered extremely prominent, and the antero- 
posterior axis of the eye considerably lengthened. This is remarkably 
exemplified in the Owl, in which bird, as Dr. Macartney * pointed out, 
such is the disproportion between the anterior and posterior spheres of 
the eye, that the axis of the anterior portion is twice as great as that of 
* Rees’s Cyclopicdia, art. Birds. 
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Eye of the Owl. 



the other. The obvious consequence of this figure of the globe of the 
eye is to allow room for a greater proportion of acpieoiis fliiid, and for tli(‘ 
removal of the crystalline lens from the seat of sensation, and thus ])ro- 
duco a greater convergence of the ra 3 's of light, by which the animal is 
enabled to discern the objects placed near it, and to si^o with a weaker 
light ; and hence Owls, which recpiirc this sort of vision so mucli, possess 
the structure fitted to effect it in so remarkable a degree. 

(2080.) Ihit it is evident that, in order to retain this conical sha])e 
of the ey^all, some further mechanical arrangements arc necessary, 
which in the spherical form of the human eye are not requisite. In 
Fishes, where the eyeball is constructed upon entirely' opposite prin- 
ciples, being compressed anteriorl}', cartilaginous supports are found im- 
bedded in the sclerotic tunic, which in some CJises is absolutelj" ossified 
into a bony cup. In many Reptiles the same end is obtained by placing 
a circle of bony plates around the cornea ; and this latter plan is again 
adopted in Rirds, to maintain their eyes in a shape precisely the con- 
verse of the former. In the Owls these ossicles are most largely deve- 
loped ; in such birds they form a broad zone (fig. 364), extending from 
the margin of the cornea, embracing the anterior conical portion of the 
eye, and imbedded between two fibrous layers of the sclerotic. The 
figure which is thus given to th^ eye, from the increased space obtained, 
is cvid<|fitly calculated to allow the humours, forming the refracting 
media whereby the rays of light are brought to a focus upon the retina, 
to become materially changed in shape ; and both the convexity of the 
cornea and the position of the lens may thus be altered so as to adjust 
them in correspondence with the distance at which an object is viewed. 
The cornea is rendered more convex, and the shape of the aqueous 
humour consequently adapted to examine objects close at hand, by the 
simple action of the muscles that move the eyeball : for these, seeing 
that the edges of the pieces composing the bony circle overlap each 
other so as to be slightly moveable, as they compress the globe of the 
ej^e, cause the protrusion of the aqueous humour, and the cornea becomes 
prominent; or if the bird surveys 
things that arc remote, the cornea re- 
c-^des and becomes flattened, — an effect 
caused by the recession of the aqueous 
humour, and, as some authors assert*, 
by muscular fibres disposed around 
the circumference of the cornea, and 
attached to its inner layer, which draw 
back the cornea in a manner analogous 
to the action of the muscles of the 
diaphragm upon its tendinous centre. 

(2081.) But the most beautiful 

♦ Vide Cyclop, of Anat. and Pbys. p. .W. 
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section of tho eye of an Owl. 
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piece of mcclianisni, if we maybe pardoned the expression, met mth in 
the eye of a Bird is destined to regulate the focal distance between the 
crystalline lens and the sentient surface of the retina, in order to ensure 
the clearest possible delineation either of near or distant objects. The 
provision for this ])urposc is peculiar to the class under our notice, and con- 
sists of a vascular organ, called the mnrsvpiiim orp<?c/c>i, which is lodged 
in the posterior part of the vitreous humour (fig. 8()5, a). This organ is 
composed of folds of a membrane resembling the choroid coat of the eye, 
and, being in like manner covered with pigment, might easily be mis- 
taken for a process derived from that tunic, with which, in fact^ it has 
no connexion, being attached to the optic nerve just at the point where 
it expands into the retina. Its substance seems to be made up of erectile 
tissue, and it is most copiously supplied with blood derived from an 
arterial plexus formed by the arierki centralis retinae * ; so that there is 
little doubt that, being like the iris endowed with an involuntary power 
of dilatation and contraction, as it enlarges from the injection of blood, 
it distends the chamber of the vitreous humour, and pushes forward the 
lens, while, as it again collapses, the crystalline is allowed to approach 
nearer to the retina ; and thus the focus of the eye is adjusted upon the 
same principle as that of a telescope. Four recti and two obliqui muscles 
preside over the movements of the eyeblU ; but, as in the Reptilia, the 
superior oblique arises from the anterior l^l^rt of the orbit, as wel]|ps the 
ohliqum inferior j and its tendon is not reflected over a trochlea, 

(2082.) Birds have three eyelids : an upper and a lower, resembling 
those of ilammalia; and a third, which, when unemployed, is concealed 
in the inner canthus of the eye, but can be drawn down vertically by 
muscles especially appropriated to its motions, so as to sweep over the 
entire cornea, which it then covers like a curtain. 

(2083.) The upper and the lower eyelids differ but little in their 
structure from those of Man ; nevertheless a few trivial circumstances 
are worthy of the notice of the student. In the first place, there are 
seldom any eyelashes attached to the palpebral margins ; and secondly, 
the lower eyelid is the most moveable of the two, and not only contains 
a distinct arsal cartilage, but is provided with a special depressor muscle, 
which arises from the bottom of the orbit, like the levator palpebrce 
superioris of the humaif subject : the elevator of the upper eyelid and 
orbicularis palpebrarum are likewise well developed. 

(2084.) The third eyelid, or nictitating membranCy is represented in 
fig. 366, A, e (the upper and lower eyelids having been divided through 
the middle, and turned back to display it) ; it is necessarily, to a cer- 
tain extent, transparent ; for birds sometimes look through it, as for 
instance when the Eagle looks at the sun f : it is therefore of a mem- 
branous texture, and a most admirable and peculiar muscular appa- 

* Vide Barkow, in Meckel’s Archiven, Band xii. 

t Cuvier, Lemons d’Anat. Cornp. tom. ii. p. 4.31. 
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ratus is given, by which its movements are effected. This is placed at 
the hack of the eyeball, and may easily be displayed by turning aside 
the recti and obliqui muscles y as in lig. 366, n. Two muscles are then 
perceived arising from the globe of the eye, taking their origin from the 
outside of the sclerotic coat : one of these (r), named the qmdratus 
membrance nictitantis, arising from near the upper aspect of the eye, de- 
scends towards the optic nerve ; but instead of being inserted into any- 
thing, as muscles usually arc, it terminates in a most remarkable man- 
ner, ending in a tendinous sheath or pully, through which the tendon 


of the next muscle passes 
as it winds around the optic 
nerve. The second muscle 
(d), ctiUod the jyyramidalis 
memb. nictitantis, arises from 
the inner aspect of the eye- 
ball ; and its fibres are col- 
lected into a long slender 
tendon, which, as it turns 
round the optic ner\’e, 
passes through the tendinous 
sheath formed by the qua- 
dratus^ as a rope through a 
pully, and then is continued 
in a cellular sheath formed 
by the sclerotic, underneath 
the eye, to the lower angle 
of the third eyelid, into 
which it is inserted. The 
reader will at once perceive 
how beautifully those two 
muscles, acting simulta- 
neously, cause the nicti- 
tating membrane to sweep 


Fig. 366. 



Mugcles of the nictitating membrane. 


over the cornea, which returns again into the inner canthus of the eye 
by its own elasticity. 


(2085.) Being thus provided with moveable eyelids, a lacrymal appa- 
ratus is, of course, indispensable ; and accordingly, birds are supplied 
with two distinct glands, one being appropriated to the secretion of 
tears, while the other furnishes a lubricating fluid, apparently destined 
to facilitate the movements of the membrana nictitans. 


(2086.) The lacrymal gland is situated, as in Man, at*the outer angle 
of the eye, and its duct pours the lacrymal secretion upon the eyeball 
near the external canthus. The lacrymal canal, whereby the tears, 
after moistening the cornea, are discharged into the nose, commences 
by two orifices (fig. 366, a, c) situated just behind the internal commis- 
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sure of the eyelids, and is continued into the nasal cavity, where it 
terminates in front of tho representative of the middle turbinated bone. 

(2087.) Tho second gland, tho glamlula Harden, seems to supply 
the place of tho Meibomian glands of tho human eyelids : it forms a 
considerable glandular mass, situated behind tho conjunctiva, at the 
nasal angle of tho eyelids ; and through its excretory duct, which opens 
beliind tho nictitating membrane, the lubricating secretion that it fur- 
nishes is poured out. 

(2088.) Resides the secreting organs above described, a third very 
large gland is found, generally lodged in a depression beneath the vault 
of the orbit, although in some genera it is situated external to that 
cavity : the secretion of this gland, however, is poured into the nose by 
one or more ducts, and thus serves copiously to moisten the Schneide- 
rian membrane. 

(2089.) The auditory apparatus of a Bird is almost precisely similar 
in its structure to that of one 
of the more perfect reptiles, 
such as the Crocodile. There 
is still no external ear, or 
osseous canal worthy of being 
called an external meatus: 
yet in a few rare instances, 
such as the Bustard, the fea- 
thers around tho ear are so 
disposed as to collect faint 
impressions of sound; and 
in the Owls, besides possess- 
ing a broad opercular flap, 

' that forms a kind of cxtenial car, there arc sinuosities, external to the 
inemhrana tyminml, which resemble, not very distantly, those found in 
the oar of Man. 

(2090.) Entering into tho composition of the organ of hearing in the 
class before us, wc have the numh'ana iifmjyani (fig. 307, a), and tym- 
panic cavity, from which a wide Eustachian tube (c?) leads to the poste- 
rior nares. Tho labyrinth presents the vestibule (c), the semicircular 
canals {h), and the rudimentary cochlea (e) ; all of which so exactly 
correspond in structure with what has already been described when 
speaking of the ear of Reptiles (§ 1997 et seqq^.), as to render repetition 
needless. A single trumpet-shaped bone, the representative of the 
stapes, communicates immediately between the membrana tympani and 
the fenestra ovalis ; but two or three minute cartilaginous appendages, 
connected with the membranous drum of the car, are regarded as being 
the rudiments of the malleus, incm, and os orbiculare met with in the 
next class. 

(2091.) The kidneys in the Bird (fig. 308, ece) are very large ; they 

3b 


Fig. 307. 



Organ of hearing in the Owl. 
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are lodged in deep depressions, situated on each side of the spine, in the 
lumbar and pelvic regions, their posterior aspects being moulded into 
all the cavities formed by the bones in that situation. In tlieir essential 
structure each kidney is made up of innumerable microscopic flexuous 
tubes, which, joining again and again into larger and still larger trunks, 
ultimately tenninate in the ureter, without the interposition of any 
infundibular cavity analogous to the pelvis of the human kidney. 


Fig. 308. 



Generative organs of the Cock. 

(2092.) From tne manner in which the kidneys are imbedded, the 
ureters are necessarily derived from their anterior aspect. After re- 
ceiving all the terminations of the urinary tubules, they pass bcldnd the 
rectum to the cloaca, into which they discharge the urinary secretion. 
The cloacay therefore, receives the terminations of the rectum, of the 
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ureters, and also, as wo shall immediately see, of the sexual passages : 
no urinary bladder is as yet developed, nevertheless vestiges of its 
appearance begin to become visible. The cloaca is, in fact, in some 
birds divided into two compartments, distinct both in their appearance 
and in their office ; these, moreover, are separated by a constriction, 
more or less well-defined in different species. It is into one of these 
compartments that the rectum opens, while the other (fig. 368, m m) 
contains the orifices of the ureters and generative canals ; the latter is 
therefore generally distinguished by the name of the urethro-sexual 
portion of the cloaca, and is in truth a remnant of the allantois, and a 
rudiment of a bladder for the accumulation of the urine. 

(2093.) An unctuous secretion, peculiar to the class under considera- 
tion, has been provided for the purpose of oiling the feathers ; and in 
water-birds the fluid alluded to becomes of very great importance to 
their welfare, as it causes their plumy covering to repel moisture* so 
efficiently that it is never wet. The gland given for this purpose is 
called the uropygium^’ and is situated upon the back of the os coc- 
cygis; from this source the bird distributes the oily material thus 
afforded to aU parts of its plumage. 

(2094.) The male generative organs in Birds are fully as simple in 
their structure as those of the Eeptilia^ The testes are two oval bodies 
(fig. 368,^), invariably situated in the lumbar region, lying i^;)on the 
anterior portion of tlio kidney. In their intimate structure they con- 
sist of contorted and extremely slender tubes, wherein the semen is 
elaborated, contained in a strong capsule. The sperm-secreting tubules 
of each testis terminate in a slightly flexuous vas deferem (A, <), that 
opens into the cloaca by a simple orifice {in in). In most birds it can 
scarcely be said that a penis exists at all, two simple rudimentary vas- 
cular papilla) at the termination of the vasa deferentia constituting the 
entire introniittcnt apparatus ; so that copulation between the male and 
female must, in the generality of species, be effected by a simple juxta- 
position of the sexual orifices ; nevertheless in the web-footed tribes, 
which coinilate in the Avater, and in the Ostrich, the penis of the male is 
much more perfectly organized, as will be seen by the following descrip- 
tion extracted from Cuvier*. 

(2995.) The structure of the penis is far from being the same in aU 
birds provided Avith such an organ ; it offers, in fact, tAVO types extremely 
different from each other, whereof the Ostrich and Drake may be taken 
as examides. The penis of the Ostrich is of a size proportioned to that 
of the bird. Its form is conical ; and a deep, narrow groove runs along 
its upper surface from the base to the point. The vam deferentia open 
into the cloaca opposite to the commencement of the groove ; so that the 
semen flows directly into this furrow. This penis consists, first, of two 
solid conical bodies, entirely composed of fibrous substance, supported at 
* Lc^oiiB d’Anat. Comp. tom. v. p. 108. 
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their base within the sphincter of the cloaca upon its inferior wall. The 
fibrous cones are placed side by side, but not confounded together ; and 
the right is smaller than the left — ^no doubt to allow this organ, which 
never becomes soft as that of quadrupeds, to bo more easily folded back 
into the cloaca. Secondly, of a fibro-vascular body, which constitutes 
the bulk of the inferior aspect of the penis, and is continued to its 
extremity. Thirdly, of a cellular portion, capable of erection, placed 
beneath the skin lining the urethral groove. This last is doubtless the 
first appearance of the corpus spongiosum, which in Mammifers com- 
pletely encloses the canal of the urethra, while the two others represent 
the corpus cavernosum. The whole apparatus, When not in use, is drawn 
into the cloaca by two pairs of retractor muscles. 

(2096.) In Oceso, Ducks, and many wading birds, such as the Stork, 
the structure of the male intromittent organ is totally different. When 
in a state of repose, it is lodged in a pouch under the extremity of the 
rectum, and curved, so as to describe three parts of a circle. When the 
penis is opened in this condition, it is found to be made up of two por- 
tions, each composing half of its substance. The parietes of one half are 
thick, elastic, and slightly glandular. The other presents internally a 
groat number of transverse grooves and folds. This latter portion during 
erection unrolls itself outwards liie a glove ; and at the same time, the 
half fir(^*i mentioned, introducing itself into the hollow cylinder formed 
by the second, fills it up, and constitutes the firmest part of the organ. 
Most of the grooves and folds visible during non-erection become much 
less apparent when the penis is protmded ; and their direction being 
oblique, they prevent it from stretching out in a straight line, but 
oblige it to assume a corkscrew appearance. A deep groove runs 
along the whole length of this singular organ ; and it is into the com- 
mencement of this groove tliat the vasa deferentia pour the seminal 
secretion. 

(2097.) The females of species whose males possess a largo penis are 
provided with a rudimentary clitoris of similar construction. 

(2098.) The female generative system in the feathered tribes offers a 
remarkable exception to what we have as yet seen in the vertebrate 
Ovipara. Instead of being symmetrically developed upon the two sides 
of the body, the right oviduct, and most frequently the corresponding 
ovarium, remain permanently atrophied, and, although they do exist in 
a rudimentary condition, they never arrive at such dimensions as to 
allow them to assist in the reproductive process. 

(2099.) The fertile ovarium presents in all essential circumstances 
the same organization as those of the Ileptilia, and is in* the same way 
attached by folds of peritoneum in the vicinity of the spine (fig. 369,/). 
The contained ova are found in all stages of maturity ; and being con- 
nected together by narrow pedicles, the viscus assumes a distinctly 
r[iccmoso appearance. 
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(2100.) The oviduct (fig. 369, d, e) commences by a wide funnel- 
shaped aperture, and soon assumes the appearance of a convoluted intes- 
tine. Its lining membrane varies in texture in different parts : near the 
infundibular orifice it is thin 
and smooth ; further down it 
becomes thicker and corru- 
gated ; and at last, near the 
termination of the canal, where 
the egg is completed by the 
calcification of its outward 
covering (</), it presents a 
villoso texture. The oviduct 
ultimately opens into the cor- 
responding side of the urethro- 
soxiial compartment of the 
cloaca. 

(2101.) We must in the 
next place proceed to de- 
scribe, with as much brevity 
as is consistent with the im- 
portance of the subject, first, 
the nidus, or ovisac, in which 
the rudiment of the future 
being is produced; secondly, 
the structure of the germ 
(ovidim) when it escapes from 
the ovary; thirdly, the addi- 
tions made to the ovulum as it 
passes through the oviduct; 
and lastly, the phenomena 
that take place during the de- 
velopment of the embryo by incubation. 

(2102.) If the ovarium of a bird be examined whilst in functional 
activity, such of the pedunculated ovisacs (cahjees, fig. 369, /) as have 
within them ovula ripe for exclusion will be found to consist of two 
membranes*. Of the*se, the exterior is very vascular, and is surrounded 
with a pale zone (stigma), occupying the centre of the calyx. The 
lining membrane of the ovisac, on the contrary, is thin and pellucid, but 
studded with minute corpuscles, which are probably glandular, or per- 
haps little plexuses of vessels. Within this ovisac the basis of the 
future egg (ovidum) is formed. 

(2103.) The ovulum produced in the ovisac, when mature, is made 
up of the following parts. The bulk of it consists of an orange-coloured 
oleaginous material, enclosed in a most delicate and peUucid membrane 

* Vide Furkinje, Syrnboloc ad ovi Avium historiam ante incubationom. 4to. 
Lipsiix;, 1830. 
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(memhrana vitelli) : this is the yelk of the future Upon the sur- 

face of the yelk there is visible a slightly-elevated opaque spot (cica- 
irkula), wherein is lodged the reproductive germ: this lust, which is 
apparently the most important part of the ovulum, is a minute peUiuid 
globule, and has been named, after its discoverer, the vesicle of Pur- 
\inje” or the germinal vesicle, 

(2104.) The phenomena attending conception are therefore simply 
these : — The membranes of the ovisac are gradually thinned by absorp- 
tion ; and being embraced and squeezed by the infundibular commence- 
ment of the oviduct, the transparent zone or stigma gives way, allowing 
the ovulum, covered only by its merribrana vitelli, to escape into the ovi- 
ductus. The rent ovisac is soon removed by absorption ; and the ovulum, 
with its cicatricula, is left to bo clothed with other investments : but 
the germinal vesicle is now no longer to be seen ; its delicate covering 
having been, as Purkinje supposes, ruptured by the violence to which it 
has been subjected. 

(2105.) It is during the passage of the ovulum through the canal of 
the oviduct that it becomes enclosed in the other parts entering into 
the composition of the egg: these are, the albumen, the chalazce, the 
memhrana putaminis, and the calcareous shell. 

(2106.) The albumen, or glairj^ fluid forming the white of the egg, 
is secretfi by the mucous membrlane that lines the commencement of 
the oviduct ; and being laid on, layer upon layer, gradually coats the 
memhrana vitelli. Some of the albupaen meanwhile becomes insjussated, 
so as to form an almost invisible membrane, the cJialazas, which, being- 
twisted by the revolutions of the yelk, as it is pushed forward in the 
oviduct, is gathered into two delicate and spiral cords (fig. 371, c c), 
whereby the yelk is retained in situ after the egg is completed. 

(2107.) The ovulum, now covered with a thick coating of albumen, 
and furnished with the chalaz8e,at length approaches the terminal extre- 
mity of the oviduct, where a more tenacious material is poured out ; it 
is here that the whole becomes encased in a dense membrane resembling 
very thin parchment, called ** memhrana putaminis ; and ultimately, 
on arriving in the last, dilated portion of the canal (fig. 369, g), the 
lining membrane of which secretes cretaceous matter, the shell is formed 
by the gradual accumulation of extremely minute* polygonal calcareous 
particles, so disposed upon the surface of the egg that imperceptible in- 
terstices are left between them for the purpose of transpiration. 

(2108.) Thus, as the oviduct is traced from its infundibular com- 
mencement, the different portions of it are seen successively to discharge 
the following functions; — the orifice of the infundibuluiA receives the 
ovulum from the ovisac ; the succeeding portion, extending nearly three- 
fourths of its entire length, secretes the albumen and the chalaza? ; in 
the next tract it furnishes the memhrana putaminis ; and in the last 
place, the shell ; after which, the complete egg is expelled through the 
cloaca. 
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(2109.) The anatomy of the egg prior to the commencement of incu- 
bation is therefore sufficiently simple. Immediately beneath the shell 
is the memhrana pnfaminis; which, however, we must here remark, 
consists of two layers ; and at the larger end of the egg these layers 
separate, leaving a space (fig. 370, a, 6), called the vesicula aeris ; we 
may further notice that the chamber so formed is filled with air con- 
taining an unusual proportion of oxygen, destined to serve for the respi- 
ration of the future embryo. Enclosed in the memhrana 'putaminis the 
student next finds the albumen and chalazas (fig. 371, e) ; and lastly, 
the yelk, enclosed in its proper memjbrane (fig. 370, c), the memhrana 
vitelli, 

(2110.) We must dwell a little more at length, however, upon the 
composition of the yelk. The cicatricula (fig. 370, g) is made up of a 


Pig. 370. 
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thin membrane, which originally enclosed the vesicle of Purkinje (/) ; 
but this latter, although introduced into the diagram for the purpose of 
illustration, is in reality, as we have already seen, no longer visible; and 
wo must now change the word cicatricula for that of hlastodermy which 
may bo presumed to consist of the original cicatricula and the ruptured 
vesicle of Purkinje : it is from this lilastoderm, or germinal membrane y 
as it is sometimes called, that the future being is developed. 

(2111.) Immediately over the blastoderm the memhrana viielli is 
slightly thickened (fig. 370, li ) ; and beneath it is a canal (^), which 
leads to a chamber {d) placed in the centre of the yelk ; this cavity is 
filled with a whitish granular substance. 

(2112.) Such is the composition of the complete egg of a Fowl, and, 
with the exertion of trifling circumstances hereafter to be noticed, of 
that of vertebrate animals in general. The development of the embryo 
is accomplished in the following manner. 

(2113.) Ko sooner has incubation* commenced, than the blastoderm 

* Dr. Karl Ernst v. Baer, iiber Entwickelungsgeschichte der Thiere. Beobachtung 
und Reflexion. 4to. 1837. ‘ 
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becomes distinctly separate from the yelk and the memhrana vitdli, 
and, as it begins to spread, assumes the form of a centriil pellucid spot, 
surrounded by a broad dark ring (fig. 371, g, h ) ; it at the same time 
becomes thickened and prominent, and is soon separable into three 
layers ; of these, the exterior (fig. 372, e) is a serous layer ; the internal, 


Fig. 371. 



Egg at commencement of incubation. 


or that next the yelk (a), a mucous layer; and between the two is 
situated a vascular layer (b), in jvhich vessels soon become apparent. 
These tlpree layers are of the jrtmost importance, as from the first- 
mentioned all the serous structures, from the second all the mucous 
structure, and from the third the entire vascular system of the embryo 
originate. 

Fig. 372. 



Earliest appearance of embryo. 


(2114.) Towards the close of the first day of incubation the blasto- 
derm has already begun to change its appearance, and two white fila- 
ments are apparent in the middle of the central pellucid circle. Sup- 
posing a longitudinal section of it at this period, the memhrana viielli 
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will be found to have become more prominent where it passes over the 
germinal space (fig. 372, l, n). The outer layer of the blastoderm (c) 
has become thickemed at e into the first rudiment of the dorsal portion 
of the embryo ; hut the mucous layer (a) and the vascular layer (b) 
have as yet undergone little alteration. 

(2115.) At tho commencement of the second day (fig. 372,2), the 
anterior portion of tho embryo is dilated, and bent down so as to inflect 
the three membranes of the blastoderm at this point. 

(2116.) At the conclusion of the second day this inflection is carried 
still further, and from tho vascular. layer a single pulsating cavity 
(fig. 372, 3, h), the punctum saliens (tho first appearance of a heart), has 
become developed ; so that considerable advance is already made towards 
that disposition of the fmtus and its membranous investments repre- 
sented in the next figure, to which we now bog the roader^s attention. 

(2117.) The serous membrane (fig. 372, c) has at tho third day become 
refiected to a considerable distance over the back of the foetus ; at one 
extremity investing the head with a serous covering, while at tho oppo- 
site it in like manner covers the tail : it is this reflection of the serous 
layer which forms the amnioUf as will be observed in fig. 373, where 
tho amniotic sac (c) is completed. 

Fig. 373. 



(2118.) Tho mucous layer (a) is now seen to line the as yet open 
space which is to form the abdominal cavity, and by its inflections 
gives birth to the rudiments of the abdominal viscera. 

(2119.) From the vascular layer (b) has been developed the heart, 
now composed of two chambers (a, 6), and the branchial arteries (c), 
which join to form the*aorta (m), exactly as in the Menopoma (fig. 

The allantois ())), the uses of which will bo described hereafter, like- 
wise begins to make its appearance*. 

(2120.) At the fifth day (fig. 374) the lineaments of tho viscera 
become tolerably distinct. The sac of tho amnion (c) is completed ; the 
liver (i) and tiie lungs (e) begin to show themselves ; and the bag of 
the allantois (p) is largely developed ; still, however, the heart (a, b) is 
that of a fish, and the aorta (m) formed by the union of tho branchial 

* Dcs Brancliies et des Vaisseaux branchiaux dans les Embryons des Animaux 
vcrt4bres, par Prof. Ch. Ernsf v. Baer (Ann. dcs Sei. Nat. tom. xv.). 
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arches (c) ; so we have yet to trace how, as the lungs increase in size, 
the circulatory apparatus becomes changed and the branchial organs 
obliterated. 

Fig. 374. 



(2121.) On the third day of incubation there exist four vascular 
arches (fig. 373, c) on each side, having a common origin from the bulb 
(?>), which obviously represents the hulhiis arteriosus of Fishes and 
lleptiles, before described ; these encircle the neck, and join on arriving 
in the dorsal region to form the aorta, which commences by two roots, 
each made up of the union of the four branchial vessels of the corre- 
spondipf; side. The vascular aiyhcs are developed one after the other, 
the most anterior being visible even on the second day; shortly, a 
second appears behind the first, the former in the meantime becoming 
considerably larger ; and at length tho third and the fourth arc formed, 
the fourth being still very small at the commencement of the third day. 

(2122.) At this period three fissures are perceptible between the 
branchial arches, and in front of the first pair is the first appearance of 
the oral orifice, — which, however, is not, properly speaking, the aperture 
of the mouth, since at this epoch the jaws and buccal cavity arc not as 
yet formed, but, physiologically considered, it rather represents the 
jiharynx, 

(2123.) At the close of the third day this branchial apparatus is 
already slightly changed ; the branchial fissures are wider, and the fourth 
vascular arch is become nearly as large as the others. On tho fourth 
day tho first vascular arch is almost imperceptible, and that for two 
reasons ; in the first place, it becomes covered up with cellular tissue ; 
and secondly, it is so much diminished in size towards the second half of 
the fourth day, that it merely gives passage to a most slender stream of 
nearly colourless blood. By the close of the fourth day it is no longer 
recognizable, but, before its disappearance, it is seen t<f have given off 
from its most convex point a vessel, which becomes tho carotid artery ; 
so that, when the arch itself is atrophied, that portion of it which was 
connected with tho bulb of the aorta becomes the trunk of the carotid, 

(21 24.) The second arch then becomes diminished in size, insomuch 
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that the third and fourth receive the greater part of the blood, while 
in the meantime a fifth arch makes its appearance behind the fourth ; so 
that in this way there are still four permeable arches. 

(2125.) While these changes are going on in the vascular canals, the 
first branchial fissure gradually closes ; and to make up for this, a now 
one is formed between the arch which originally was the fourth and that 
hist developed. 

(2120.) At the commencement of the fifth day there are consequently 
again four vascular arches and three branchial fissures on each side ; but 
not the same as those of the third day, since T)no arch and one fissure 
liavc disappeared, and have been replaced by similar parts. During the 
fifth day, the vascular arch which at first was the second is obliterated, 
and the two succeeding ones become increased in size ; but at the end of 
the fifth day all the branchial fissures arc effiiced, being filled up with 
ccliular tissue, and no trace of them is left. The remainder of the 
metumorj)hosis seems to depend principally upon changes that occur in 
the Imlhns arteriosus (fig. 373, h), which is by degrees converted into the 
bulb of the aorta. This part of the arterial system, from being a single 
cavity, about the fifth day divides into two canals, which become gradu- 
ally more and more separated and bent upon themselves. The separa- 
tion of the hull) us arteriosus into two vessels is, in the opinion of Pro- 
fessor Hacr, owing to the circumstance that the ventricles gfidually 
become separated by a septum, which, as it grows more complete, 
causes two distinct currents of blood to bo propelled from the heart. The 
current coming from the right ventricle arrives sooner than the other at 
the vascular arches, and rushes through the two posterior and through 
the middle arch of the left side, while the gush of blood from the left 
ventricle fiUs the two anterior arches and the middle arch of the right 
side, — a circumstance depending on the course impressed upon the cur- 
rents derived from the two ventricles. Each current becomes more and 
more distinct ;*and at last each is provided with a proper channel, form- 
ing the trunks of the fiitu^re pulmonary artery and of the future aorta. 

(2127.) It will bo seen that as yet the real aorta does not exist ; for 
at this period of the metamorphosis all the blood passes through the 
vascular arches that remain into the dorsal vessel (fig. 374, m), which is 
formed in the same manner as the aorta of Pishes, by the union of the 
branchial vessels. 

(2128.) While the branchial fissures penetrated into the pharyngeal 
cavity, the branchial vessels were contained in the corresponding bran- 
chial arches ; but as soon as these fissures disappear, the vascular trunks 
abandon the neighbourhood of the pharynx and begin to assume the 
character they afterwards present. 

(2129.) The most posterior arch of the left side gradually disappears, 
and on the seventh day of incubation is no longer recognizable ; whilst 
in tho meantime the current of blood from the right ventricle is directed 
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in such a manner as to pass in front of this <irch, and ('liters the postci ioi 
arch of the right side, and the last but one on the lett. 

(2130.) As, moreover, the two arches that were formerly the most 
anterior have become obliterated, while the third and fourth, on the 
contrary, are increased in size, the blood, passing backwards through 
these arches into the roots of the aorta, enters also the carotid artery, 
which now resembles a prolongation of the commencement of the aorta 
towards the head. Thus, one part of the primitive root of the aorta 
becomes the trunk of the carotid artery. 

(2131.) There exist consequently, on the eighth day, three vascular 
arches on the right side, and only two on the left ; and these five arches 
are derived from the heart, as are also two small vascular trunks, now 
quite distinct, which have been formed from the bulb. 

(2132.) The anterior arch of both sides and the middle arch of the 
right side proceed from the left ventricle ; the posterior arches issue 
from the right ; but all of them as yet unite to form the two roots of the 
aorta, which are still of pretty equal size, and each root gives oif a carotid 
artery. At the point where the anterior arches join the roots of the 
aorta, they are now seen to give off newly-formed trunks, which go to 
the anterior extremity of their respective sides ; and as these limbs and 
the head increase in size and require more blood, the anterior arch 
propekfn greater proportion of Vood in that direction, and insensibly less 
and less into the aorta. The consequence is that the anterior arch becomes 
more and more decidedly the brachio-cephalic trunk ; and, in short, on 
the thirteenth day it only communicates with the dorsal aorta by a 
small vessel, and ultimately becomes quite detached, forming the artcria 
innominata of the corresponding side. 

(2133.) Meanwhile the posterior arches on both sides send out 
branches destined to the contiguous lungs. On the eighth day these 
vessels are stiU very small, and difficult to find ; but they soon grow 
larger ; and during the last half of the period of incubation, they show 
themselves as the immediate continuations of the arches from which 
they are derived, — their junctions with the aorta becoming more and 
more imperfect, and constituting the two ductiis arteriosi. These canals 
arc of very unequal size : that of the right side is much shorter tlian 
that of the left, which is now the only rcmnanc of the original root of 
the aorta on that side, and considerably narrower than the root of the 
aorta on the right side. On the right side, in fact, the middle arch now 
becomes of great importance, and really constitutes the commencement 
of the descending aorta, receiving the other communications as sub- 
ordinate parts. 

(2134.) The bird having escaped from the egg, and having breathed 
for some time, all the blood from the right ventricle passes into the 
lungs, the ductus arteriosi become totally imperforate, and two distinct 
circulations are thus established — one proceeding from the right side of 
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tlio lieart lliroiigh ilic lungs into the left side of tho heart, the other 
from the lelt side of tlie heart through tho system into the right side of 
the licnrt. 

Fig. tm. 



Membranes of the ovum. 


(2135.) We see, therefore, that of the five pairs of vascular branchial 
arches which at first by their union forijjed tho aorta as in Fish|p, those 
of the first pair on both sides and of the fifth on the left side sneedily 
disappear. The third on each 
side become tho brachio-ce- 
])lialic trunks, the fourth of 
the right side becomes the 
descending aorta, while the 
fifth of the right side and the 
fourth of the left side arc con- 
verted into tho pulmonary 
arteries. Tho very short 
trunk common to the two 
pulmonary arteries, as well as 
tlie ciiually short trunk of the 
aorta, properly so called, are 
produced by tho transforma- 
tion of tlie siiiglo cavity of 
tho original ‘^lulbus arteri- 
osus'^ into two distinct canals, 
and thus this 5Vonderful me- 
tamoriihosis is accomplished. 

(2136.) About the one 
hundred-and-twentieth hour 
from tlie eommcnccmcnt of incubation, tlic vascular layer of the blasto- 
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derm lias spread extensively over the yelk (fig. 375, 6) ; and as the 
vessels formed by it become perfected, they are found to converge to the 
navel of the embryo, and to constitute a distinct system of arteries and 
veins (j)Mphalo-vnes6nterlc)y communicating with the aorta and with the 
heart of the foetus, and forming a vascular circle surrounding the yelk. 
The omphalo-mcscnteric arteries (fig. 375, h, c), which thus ramify over 
the vitelline sac, are derived from the mesenteric arteries ; and the blood 


distributed through them is 
returned, by the omphalo- 
mesenteric veinSf to the supe- 
rior vena cava of the young 
chick. 

(2137.) As soon as the in- 
testinal system of the embryo 
bird is distinctly formed, the 
membrane enclosing the yelk 
(vitelUcle) is seen to commu- 
nicate with the intestine by 
a wide duct (ductus vitello- 
mtestinalis)f whereby the nu- 
tritive substance of the yelk 
enters (ihe alimentary canal 
to serve as food, and tlic 
mucous membrane lining the 
vitellicle becomes thrown into 
close wavy folds, so as to pre- 
sent a very extensive surface. 
Gradually, as growth ad- 
vances, the yelk diminishes 
in size ; and at length, before 
the young bird is hatched, 
the remains of it are entirely 
withdrawn into the abdominal 
cavity (figs. 378, 379), where 
its absorption is completed; 
but even in the adult bird, a 


Fig. 377. 



Vessels the allantois. 


little ca}.cal appendage, or diverticulum, still indicates the place formerly 
occupied by the ductus viteUo-intcsiinalis, 

(2138.) While the above phenomena are in progress, another im- 
portant system of vessels, provided for the respiration of the bird in ovo, 
is developed, and obliterated before the egg is hatched. 

(2139.) At about the period represented in fig. 374, the sides of the 
abdominal cavity, which is still open anteriorly, are occujiicd by transi- 
tory secreting organs, named corpora Wolfiaiui ; these, apparently, are 
the rudiments of the genito-urinary system ; and, to receive their secrc- 
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tion, a bladder is developed, called the allantoid sac , — a viscus which is 
moreover destined to play an important part in the economy of the em- 
bryo, and soon becomes its principal respiratory organ. The allantois 
first makes its appearance as a dehcate bag (fig. 374, j?), derived from the 
anterior surface of the rectum ; but it expands rapidly, and soon occupies 
a very considerable portion of the interior of the egg (fig. 375, c), until 
at last it lines nearly the whole extent of the memhrana putaminisj and 
becoming thus extensively exposed to the influence of the air that pene- 
trates the egg-shell, it ultimately takes upon itself the respiratory func- 
tion. Wlien fully developed (fig. 376), it is covered with a rich network 
of arteries and veins (a, h) spread upon its surface. The arteries (fig. 
377, rt) are derived from the common iliac trunks of tho embryo, and 
of course represent the umbilical arteries of tho human foetus ; tho vein 
enters the umbilicus, and, passing through the fissure of the liver, pours 
the blood, which it returns from the allantois in an arterialized condi- 
tion, into the inferior cava, as docs the umbilical vein of Mammalia. 

(2140.) About the nineteenth day of incubation, the air-vessel at the 
large extremity of tho egg (fig. 376, c) is ruptured, and tho lungs begin 
to assume their function, by 
breathing the air that this 
vesicle contains. Tho circu- 
lation through the allantois 
then gradually diminishes, 
and it is slowly obliterated, 
until merely a ligamentous 
remnant, called the urachus, 
is left. In Reptiles, how- 
ever, as we have already seen, 
a portion of the allantoid bag 
remains even in the adult 
creature (fig. 340, q) ; and in 
Birds, in that compartment 
of the cloaca in which tho 
genital and urinary passages 
terminate, arc vestiges of the 
same organ. 

(2141 .) Although the above 
description is intended to give 
a general view of the process of oviparous generation in its most perfect 
and consequently most complex form, the reader, in applying it to the 
development of‘the ovum in the inferior Ovipara, must bear in mind 
the following important differences; — 1st, That in the air-breathing 
Reptilia the white of the egg is almost, if not entirely, wanting ; but 
the other phenomena are similar to those witnessed in the Bird. 2ndly, 
That in Fishes not only is there no white formed, but, for obvious reasons, 
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the allantoid apparatus is not developed. The egg in these lower tribes 
contains only the yelk and the cicatricula ; it swells from absorbing the 
surrounding water, and the fetus is developed upon the surface of the 
yelk, — ^the latter, which, as in Birds, communicates with the intestine, 
being slowly received into the abdominal cavity. 


Fig. 379. 



Viscera of mature cluck. 


(2142.) The subsequent changes that occur in the circulatory system 
of a bird, namely, the obliteration of iho foramen ovale and of the ductus 
arteriosi, whereby the pulmonary and systemic circulations become quite 
distinct, are similar to those which take place in the Mammiferous foetus, 
and will bo described in the next chapter. 
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CHAPTER XXIX. 

MAMMALIA. 

(2143.) The highest boon conferred upon the lower animals, “ Hea- 
ven’s last, best gift,” is parental affection. The cold-blooded Ovipara, 
unable in any manner to assist in the maturation of their oflspring, 
were necessarily compelled to leave their eggs to be hatclied by the 
agency of external circumstances ; and their progeny, even from the 
moment of their birth, were abandoned to chance and to tlicir own 
resources for a supply of nourishment. In Birds, the duties and the 
pleasures inseparable from the necessity of incubating their ova, and of 
providing nutriment for their callow brood, are indeed manifested to an 
extent unparalleled in the preceding orders of Vertebrata ; but it is to 
the Mammalia alone, the most sagacious and intelligent of all the inha- 
bitants of this world, that the Creator has permitted the full enjoyment 
of paternal and maternal love, has thrown the oEspring absolutely help- 
less and dependent upon a mother’s care and solicitude, and thus confers 
upon the parent the joys and comforts^ that a mother only kn^s — the 
dearest, purest, sweetest bestowed upon the animal creation. 

(2144.) The grand circumstance whereby the entire class of beings 
generally designated under the name of Quadeupeds may bo distin- 
guished from all other members of the animal kingdom is, that the 
females of every species are furnished with mammary glands — secern- 
ing organs appointed to supply a secretion called 7nil/c, whereby the 
young are nourished from the moment of their birth until they have 
reached a sufficient ago to enable them to live upon such animal or 
vegetable substances as are adapted to their raaturer condition. The 
possession of these lactiferous glands would indeed be in itself a suffi- 
ciently decisive characteristic of the whole grouj) ; and if to this we add 
that their visceral cavity is separated into a thorax and abdomen by a 
muscular diaphraejm, and that they breathe by means of lungs pre- 
cisely similar to our own, we need not in this place dwell upon any 
more minute definition of the Mammiferous Vertebrata. 

(2145.) The Mammalia, as we might be prepared to anticipate from 
their importance, are extensively distributed. The generality of them 
are terrestrial in their habits, cither browsing the herbage from the 
ground, or, if* of carnivorous propensities, leading a life of rapine by 
carrying on a bloodthirsty warfare against animals inferior to them- 
selves in strength or ferocity. Many inhabit the trees ; some burrow 
beneath the surface of the soil ; a few can raise themselves into the air 
and Hit about in scarcli of insect prey ; the Otter and the Seal persecute 
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tho fishes even in their own element ; and the gigantic Whales, wallow- 
ing upon the surface of tho sea, tempest the ocean” in their fury. 

(2146.) With habits so diverse, wo may well expect corresponding 
diversity in their forms, or in the structure of their limbs ; and, in fact, 
did we not compress our description of these particulars into reasonable 
limits, wo might easily test tho perseverance of tho most patient reader 
in following us through tho mass of details connected with this part of 
our subject. We shall therefore, commencing as we have hitherto 
done, with the osteology of the class, first describe, in general terms, 
the characters of a Mammiferous skeleton, and then, as wo arrange the 
Mammalia under the various orders into which they have been distri- 
buted, speak of the most important aberrations from the given tj^o. 

(2147.) The vertebral column of all Mammals, with the remarkable 
exception of tho Cetacea, is divisible into tho same regions as in the 
human skeleton, viz. the cervical, dorsal, lumbar, sacral, and coccygeal 
or caudal portions. 

(2148.) The cervical vertebrae are invariably seven in number. The 
Sloth (^B)'a(hjpus tridactyhis) was, until recently, regarded as forming 
a solitary exception, it having been supposed to possess nine cervical 
vertebrae ; tho researches of Professor Bell, however, show that even 
this animal conforms to tho general law. Tho distinguished naturalist 
referrede to has demonstrated *, that tho posterior two of these vcit:c- 
brae have attached to them the rudiments of two pairs of ribs, in tho 
form of small elongated bones articulated to their transverse processes ; 
they must therefore bo considered as truly dorsal vetebrae, modified 
into a cervical form and function suited to- tho peculiar wants of the 
animal.” Professor Bell further observes that the object of Ihc in- 
creased number of vertebrae in tho neck of tho Sloth is evidently to allow 
of a more extensive rotation of the head ; for, as each of the bones turns 
to a small extent upon the succeeding one, it is clear that the degree of 
rotiition of the extreme point will bo in proportion to the number of 
pieces in tho whole scries. When the habits of this extraordinary 
animal are considered, hanging as it docs from the under smface of 
boughs, with tho back downwards, it is obvious that the only means by 
which it could look towards tho ground must be by rotation of the 
neck ; and as it was necessary, to effect this without diminishing the 
firmness of tho cervical portion of the vertebral column, to add certain 
moveable points to tho number possessed by the rest of the class, tlu; 
additional motion was acquired by modifying the two superior dorsal 
vertebra*, and gi\ung them the office of cervical, rather than by infring- 
ing on a rule which is thus preserved entire without a single known 
exception.” 

(2149.) The occipital bone articulates with the atlas by two lateral 
condyles, instead of by a single central articulating surface, — a oircum- 
* Cyclop, of Anat. and Pliyg. art. Edentata. 
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stance which depends upon the greatly-increased development of the 
encephalon, and the consequent expansion of the cranium. 

(2150.) The number of dorsal vertebra) depends upon that of the 
ribs : thus in the Bat tribe there are only eleven ; while in some of the 
Pachydermata (as, for example, in the Elephant and Tapir) as many as 
twenty dorsal vertebrae may be counted. The lumbar and sacral verte- 
brae wil likewise bo more or less numerous in different genera ; and 
in the number of pieces composing the coccyx, or tail, there is every 
variety, from four to fivo-and-forty. 

(2151.) The thorax is enclosed by ribs, which in stmeture, and in their 
mode of connexion with the dorsal vertebra), resemble those of Man. 
At its dorsal extremity each rib is articulated by its head to the bodies 
of the vertebrae, and to the intervertebral substance ; while its tubercle, 
or the representative of the second head of the rib of a Bird, is move- 
ably connected with the corresponding vertebral transverse process. 
There are no sternal ribs ; but these are represented by cartilaginous 
pieces, whereby, towards the anterior part of the thorax, each lib is 
attached to the side of the sternum ; posteriorly, however, this con- 
nexion docs not exist. The anterior ribs are therefore called tme rihs^ 
and the posterior, false y or Jloathuf ribs, precisely as in the human 
skeleton. 

(2152.) The sternum is composed of several narrow pieces, pjacod in 
a lino ])ehind each other along the middle of the breast. These pieces 
are generally consolidated : by their lateral margins they give attach- 
ment anteriorly to the clavicles, if these bones bo present, and, behind 
these, to the costal cartilages of the true ribs. 

(2153.) From the whole arrangement of the thorax, it is evident that 
the ribs arc capable of extensive movements of elevation and depression, 
whereby the capacity of the whole thoracic cavity may be increased or 
diminished — ^movements which, aided by those of the diaphragm, draw 
in and expel the air used for respiration. 

(2154.) The anterior extremity is appended to abroad scapula, gene- 
rally unconnected with the rest of the skeleton, except by muscular 
attachments. In quadrupeds that use this extremity as an instrument 
of prehension or of flight, a clavicle is interposed between the scapula 
and the sternum ; but most frequently this element of the shoulder is 
deficient, and even the coracoid bone, if a vestige of it remains at all, is 
reduced to a mere appendage to the scapula, known to the human ana- 
tomist as the coracoid process. The rest of the limb presents the arm, 
the fore-arm, the carpus, metacarpus, and phalanges ; but these are so 
altered in appearance in different orders, that no general description 
will suffice, and we must therefore defer this part of our inquiry for 
the present. 

(2155.) In the posterior extremity there is equal dissimilarity in the 
construction of the distal portions of the limb ; but the pelvis, although 
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much modified in form, consists of tho same pieces as in the human 
subject, and in like manner has tho pubic arch and foramina fully 
completed. 

(2156.) Tho cranium and face are made up of numerous bones, easily 
recognizable, as they correspond in their general arrangement with those 
composing this part of the skeleton in the lower Yertcbrata. Their de- 
velopment in the facial region is large, in proportion to the strength of 
the muscles moving the lower jaw ; and they are so disposed as to form 
buttresses to resist tho powcrfiil pressure of tho teeth, as well as to 
enclose cavities wherein are lodged the organs connected ^vith the senses 
of smell and of vision. One example will answer our present purpose, 
and we have selected the skull of the Pig as one calculated to show a 
medium development of the whole series. 

(2157.) In the face we find on each side two bones entering into tho 
composition of tho upper jaw, into which teeth arc implanted ; these arc 
the superior rmccilhry (fig. 380, 18), and the intermaociUary (l7). These 


Fig. 380. 



Skull of the Pig. 


bones, moreover, bound extensively the cavity of* the nose, and, together 
with the palatine process of palate hone (fig. 381, 22), constitute the 
bony palate, or roof of tho mouth. Tlic nasal hones (fig. 380, 20, 20) com- 
plete the upper part of tho face ; and, being in contact along tho mesial 
line, arch over the nasal chamber. 

(2158.) The orbit is bounded anteriorly by the lacrymal hone (c), and 
jugal or malar bone (6). Its posterior boundary is generally want- 
ing, as the external angular processes of tho jugal and frontal bones do 
not meet. 

(2159.) The orbital cavity is principally formed by processes derived 
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from the oa frontis, the ai>hciioid, the lacrymal, and the malar hone ; 
the ethmoid and the palatine rarely entering into its composition. 

(21G0.) The os ethmoides, the vomer, and the turbinated hones will 
he described minutely when wc speak of the olfactory apparatus, which 
they contribute to form. 

(21 Gl.) The inferior maxilla in Mammals is characterized by two 
circumstances, which distinguish it from that of other Vertebrata. It 
consists, in the first jdacc, of only two lateral pieces, exactly similar to 
each other, joined together at the chin by a symphysis in many orders ; 
hut in others even this symphysis is obliterated at an early age, and 
in the adult the two lateral halves would seem to form but one piece. 

(2102.) Another character peculiar to the lower jaw of a Mammal is, 
that it is moveably articulated with the temporal bone by moans of a 
convex and undivided condjde. 

(2103.) These marks, identifying the mammiferous lower jaw, ought 
to bo well remembered by the paleontologist. 

(21 04.) We shall hereafter have occasion to describe the -teeth that 
arm the jaws of the different tribes of quadrupeds ; and therefore wo 
now proceed to examine their cranial cavity, and the bones that enter 
into its formation, 

(2105.) The frontal bones (figs. 380, 381, 1, 1) are generally two in 
number ; and even when, as in Man, they seem to form but o^ bone, 
the two lateral halves arc produced from separate points of ossification, 
and only coalesce as age advances ; sometimes, indeed, even in the adult, 
they remain permanently separated by suture. 

Fig. 381. 



Section of the skull of the Pig. 

(2166.) The* parietal bones (figs. 380, 381, 7, 7) occupy their usual 
position; and although generally double, as in the human skeleton, 
they arc not unfrcqucntly consolidated together, even at an early ago, so 
as to represent but a single bone. 

(2167.) The occipital bone consists primarily of the same pieces as 
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ill the Reptile ; but in the Marnraifor these are at an early period ceii- 
solidatocl into one mass, situated at the back of the cranium. Us basilar 
portion (5) articulates with tlio atlas hy two condyles ; wliile the lateral 
wing-s (10) and the superior arch (8) surround the fommai muijimm, 
and protect the cercbellic regions of tlic encephalon. 

(21GS.) The sphenoid (6), although composed of fc'wer separate jneces 
than in the Reptilia, and even regarded by the human anatomist as a 
single bone, is still distinctly divisible, especially in young animals, into 
two VC17 important portions — one anterior, and the other iiosterior — 
each, as we shall soon see, forming the body of a distinct cranial vertebra. 
The posterior half (6) consists of the body, including the posterior 
clinoid processes, and of the greater alse and pterygoid processes 
(fig. 381, 25). The anterior half is formed by the anterior clinoid pro- 
cesses and aim minorcs (fig. 381, 11). These two halves may therefore 
bo called, respectively, the anterior posterior sphemids. 

(2169.) Lastly, we have the temporal hone^ exhibiting but one piece, 
although made up of all the parts which in the Reptile were so ob- 
viously distinct elements. The petrous portion, wedged into the base 
of the cranium, still encloses the internal car. The tympanic clement 
(fig. 380, a) supports the membrana tympani. The mastoid process 
(fig. 381, 12) is the homologue of the mastoid bone of the Crocodile ; 
and, la^ly, the squamous element, with which the lower jaw is articu- 
lated (fig. 380, 23), in the Reptilia was visibly a distinct bone. Even 
to these may be added the zygomatic process, which Professor Owen 
regards as an independent elemental part. 

(2170.) Reviewing, therefore, all that has been said relative to the 
composition of the skull in the different classes of Vertebrata, the fol- 
lowing deductions may bo arrived at * ; — 

1. That as “sve advance from lower to higher forms, the proportionate 
size of the cranium relative to that of the face becomes greater. 

2. That the number of bones met with upon the inferior and lateral 

aspects of the head gradually diminishes : for in Alammalia the ptery- 
goid and tympanic bones, which even in Birds are separate pieces, 
become very generally confounded with the sphenoid and the temporal : 
and also the petrous and scpiamous portions of the temporal become 
blended together. • 

3. The number of bones normally entering into the composition of the 
cranium of adult Mammalia varies considerably. When most numerous, 
there are twenty-eight — eleven in the cranium, and seventeen in tlie 
face. In this case the cranial bones are the following : — one occipital, 
one sphenoid, the two squamous portions of the tcrhporal, the two 
tympano-petrous portions of the temporal, the two parietal, the two 
frontal, and the ethmoid. 

(2171.) The bones of the face arc: two superior maxillary, twointcr- 
^ IMcckol, Trnito G<?,nerule d’ Anatomic Coiiipar6e, tom. iii. part., 195. 
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maxillary, two nasal, two lacrjanal, the vomer, two inferior timbinatcd 
hones, two i)alato bones, two jugal bones, and, lastly, the two halves of 
the lower jaw. 

(2172.) It is tnic that some slight exceptions occur : thus, forexamide, 
in the Cetac ea the pterygoid bones remain detached ; in the llodcntia 
the occi])ital is divided into a superior and inferior portion ; but in the 
latter, tho two frontal and the two parietal become consolidated into 
one bone. 

(2173.) In Man tho bones of the cranium become much less nume- 
rous, inasmuch as aU the elements of tho occipital, of the temporal, of 
the fronted, tho intermaxillary, and the maxillary, composing tho upper 
jaw, and tho two halves of the lower jaw, respectively coalesce ; and tlio 
skuU consists of but onc-and-twenty bones, — seven in the cranium, and 
fourteen in the face. 

(2174.) Even this number is not tho smallest ; for in some Monkeys 
tho nasal bones unite and become consolidated into ono piece. 

(21 75.) Having thus enumerated the different osseous pieces forming 
the erania of all classes of vertebrate animals, wo must next consider 
them in another point of view, namely, as being continuations of the 
spinal chain of bones, or real vertebrso modified in form and proportVona 
in eonformity with the increased volubac of the nervous masses they are 
destined to enclose. We must premise, however, that it is by jo means 
our intention to adopt unreservedly the theoretical opinions of those 
Ccmtinontal writers who find vertebral elements in the bones of tho face, 
and even in tho nasal cartilages ; still, without overstmining the facts, 
it is easy to demonstrate very satisfactorily that the cranial pieces that 
immediately enclose tho cerebral masses are strictly vertebne, and pre- 
sent tho same essential structure as those of tho spinal region. 

(2176.) That this is tho case in the skull of a lloptilo, no one, indeed, 
who examines the subject can hesitate to admit ; but even in the Mam- 
miferous cranium, where, from the- enonnous proportionate size of the 
encephalon, the cranium is most distorted, it is not difficult to perceive 
the relationship. 

(2177.) The cranial vertebrae are three in number: tho occipital, the 
parietal, and the frontal ; these are exhibited in the subjoined diagi'am, 
after Cams, representing those of the Sheep. 

(2178.) Tho occipital vertebra (fig. 382, a) has for its body the basilar 
portion ; the arches bound tho foramen magnum laterally ; and above, 
the spinous process, flattened out and expanded in proportion to tho size 
of those lobes of the brain and cerebellum which it defends, forms the 
posterior portion of tho skull. 

(2179.) The body of the second or parietal vertebra (n) is the body 
of the sphenoid — that is, more pro 2 )crly speaking, tlic posterior sphenoid 
bone, whose largo alee, curving upwards, meet the jjarietal, and thus an 
arch is formed of sufficient span to cover the middle lobes of tho cerebrum. 
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(2180.) The anterior, or frontal vertebra (c) has foi- its body the an- 
terior sphenoid minores); its arch being completed ])y tbe cavity of 
the os frontis, which encloses anteriorly 
the cribriform plate of the ethmoid bone. 


(2181.) From this analysis of the 
composition of the cranium, it is appa- 
rent that the temporal bones, although 
in llan they assist so materially in com- 
pleting the cranial cavity, are only in- 
tercalated between the real vertebral 
elements ; as indeed might almost have 
been anticipated, seeing how differently 
the pieces belonging to this bone are ar- 
ranged in different classes of Vertebrata. 

(2182.) Such is the general organi- 
zation of the Mammiferous skeleton. 
Let us now proceed to consider the os- 
teolog}^of the different orders into which 
the Mammalia have been distributed, 
and observe in what respects they in- 
dividually differ from each other. ’ 

(2183^) The transition from Birds to 
Quadrupeds, remotely separated as they 
might appear to bo, is effected by gentle 



gradations of structure ; and the Mono- 
TREMAT\, notwithstanding their quadru- 
pedal fonn and hairy covering, are so 
nearly allied to the feathered Ovipara 
in many points of their organization, 
that they evidently form a connecting 
link between these two great classes of 



animals. 

(2184.) It is true that they have 


Cranial vortebras. 


mammary glands, and must therefore be supposed to give suck to their 
offspring ; but it is not even yet satisfactorily determined whether they 
lay eggs, or produce living young. The structure of their generative 
apparatus would seem, in fact, to be rather allied to the Oviparous than 
the Mammiferous type ; and, as in Birds, the rectum, the urinary pas- 
sages, and the sexual organs, all discharge themselves into a common 


oloacal chamber; so that there is still but a single vent — a circumstance 


from which the name of the order is derived. 


(2185.) Even their skeleton, in many points, presents a very close 
affinity to that of a Bird, as will bo evident on examining the osseous 
system of the OrnitJiorJujm-hus paradoxus (fig. 383). 

(2180.) The mouth of this quadruiied, indeed, resembles that of a 
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Duck, wlioncc tlic name of ‘‘ Duck-bill,” whereby it is usually distin- 
f^uished. It has, iiion'over, a distinct /wrcwZrtr hone in addition to what 


Fig. 383. 



would seem to bo the ordinary clavicles ; but in reality these are the 
comcokl hones still largely developed. Moreover, the anterior or sternal 
ribs arc ossified, and a spur is attached to the hind foot of the male, not 
remotely resembling that of a Cock : this last appendage is perforated 
by a duct, and has a gland connected with it, situated on the inner side 
of the thigh, by which a poisonous secretion was formerly supposed to 
bo elaborated. 

(U187.) The Marsfpiajja, it will be iifterwards explained, nsiregards 
the conformation of their generative system, arc organized in accordance 
with a type intermediate between that common to Birds and that which 
characterizes ^lammalia properly so called. 

(2188.) The Marsupial quadrupeds bring forth their young alive, but 
in such an imperfect condition, that at the period of their birth scarcely 
the rudiments of their limbs have become apparent ; and in this state 
they arc conveyed into a pouch formed by the skin of the female’s 
abdomen, where they fix themselves by their mouths to the nipples of 
their mother, and, sucking mUk, derive from this source the materials 
for their growth. These animals are peculiar to the Australian and 
American continents ; nay, in Australia, so anomalous in all its pro- 
ductions, with one or two exceptions, and those perhaps brought there 
by accidental importation, all the quadrupeds are constructed after the 
Marsupial typo. The great characteristic whereby to distinguish the 
skeleton of a ^larsupial Mammifer is, the existence of two peculiar 
bones attached to the anterior margin of the pubis, which in the living 
animal arc imbedded in the muscular walls of the abdomen, and thus 
support the poiich of the female. The marsupial bones, however, exist 
in the male likewise ; and even in the Monotremata, that are evidently 
nearly allied to the proper Marsupialia, although no pouch is met with 
even in the female sex, the bones alluded to are found connected with 
the pubis. 

(2189.) This great section of the Vertebrate creation, which perhaps 
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ought rather to he regarded as a class ]>y itself, is composed of nunu'vous 
families, of diverse forms and veiy o])posite habits. The Opossums 
of the American continent live in tre('S, and devour birds, 
insects, or even fruits : in these, the thumb of the hind foot is opposable 
to the other fingers, and adapted for grasping the boughs, whence they 
are called Pedmanes\ their tail is likewise prehensile. Others {ire 
terrestrial in their habits, wanting the prehensile thumb. 



Skokton of the Kangaroo Bat. 


(2190.) The Kangaroo Kat, or Potoroo of whose 

skeleton we have given a drawing (fig. r384), is remarkable for the dis- 
proportionate size of its hind legs : these, moreover, have no tliunib, 
and the two innennost toes are joined together as far as the nails ; so 
that there appear to be but three toes, the inner one being furnished 
with two claws. Such legs are well adapted to make strong and 
vigorous leaps over a level plain ; and in the Kangaroos {Macropxis) the 
extraordinary development of the posterior extremities is even yet more 
wonderful. In other respects, the skeletons of tfio Marsiipialia conform 
to the general description already given. 

(21 91.) AU other Mammiferous Vertebrata produce their yoimg alive, 
and not until they have attained a considerably advanced state of deve- 
lopment during their intra-uterine existence. The connexion between 
the maternal and foetal systems in these orders is maintained during 
the latter periods of gestation by the development of a peculiar viscus, 
called the idacenta ; nevertheless, after birth, the young animals are 
still dependent upon the mother for support, and live U 2 )on the milk 
supplied by her mammaiy organs. 
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(2102.) Tlio lowest order of Placental 
^Iammalta comprises those forms which, 
although they brojitho air hy means of lungs, 
and luivc hot blood like ourselves, are ap- 
pointed to inhabit the waters of the ocean, 
Avhercin they pass their livas, and even 
bring forth and suckle their young. In 
order to live under such circumstances as 
these, the Cetacea must necessarily, in 
many points of their structure, be organized 
after the model of fishes ; and we cannot bo 
surprised if, in their outward form, and 
oven in the disposition of their limbs, they 
strikingly resemble the finny tribes. Their 
head is large — ^frequently, indeed, of enor- 
mous proportions ; there is no neck appa- 
rent externally, — the head and trunk, as in 
fishes, appearing continuous. The anterior 
extremities are converted into broad fins, or 
paddles ; whilst the pelvic extremities arc 
absolutely wanting: posteriorly, the ’body 
ta 2 )ers off towards the tail, and tcrmiijates 
in a broad, horizontal fin, which latter, 
however, is not supported hy bony rays, as 
in the fish, but is entirely of a cartilaginous 
and fleshy structure. Frequently there is 
even a vertical dorsal fin ; but this, too, is 
entirely soft and cartilaginous, so that in 
the skeleton no vestiges of it are aj)parcnt*. 

(21i)3.) In the Whalebone- Whale (J7o- 
Uvna mysticetus) tlie peculiarities of the 
Cetaceous skeleton are well exhibited. In 
this gigantic animal (fig. 385), which some- 
times measures upwards of a hundred feet 
from the snout to the tail, the head forms 
nearly a fourth part of the entire length of 
its stupendous carcass ; so enormously de- 
veloped arc the bones of the face that form 
the upper and the lower jaws. Tlie cranial 
cavity, wherein the brain is lodged, of 
course docs no\ particii)ato in this excessive 

* It is interesting to see these fins still formed by 
the skin (exoslrkfon), where the osseous system 
could not enter into their composition without de- 
viating altogether from the Mammiferous typo. 


Fig. 38."). 



SkeltfcoH of the Whalfbouo 
Whale. 
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dilatation, but corresponds to the size of the brain lodged witliin it. 
It, however, presents one point of pliysiological interest, serving to 
prove still more demonstratively that the temporal bone is merely an 
adjunct to, and not essentially a constituent part of, the cranium ; for 
hero the petrous portion of the temporal bone, wherein is lodged the 
organ of hearing, is entirely detached from the skull, to which it is 
only fastened by a ligamentous connexion. This remarkable arrange- 
ment is, no doubt, intended to prevent the stunning noises that would 
else be conveyed from every side to the ear, by cutting off all imme- 
diate communication between the auditory apparatus and the osseous 
framework of the head. 

(2194.) The cervical vertebra), in conformity with the shortness of 
the neck, are exceedingly thin ; and some of them are not unfrequontly 
anchylosed into one piece. 

(2195.) The thorax is composed in the ordinary manner; but the 
posterior ribs are only fixed to the transverse processes of the corre- 
sponding vertebra). Behind the thorax the whole spine is flexible, its 
movements being untrammelled by any pelvic framework or posterior 
extremity ; so that, as in fishes, the broadly-expanded tail is the great 
agent in locomotion ; and from the horizontal position of this mighty 
oar it is better adapted to enable the animal to plunge headlong into 
the dop^h, and to rise again to the surface, with all expedition, than if 
it had been placed vertically, as it is in fishes, 

(2190.) The only vestiges of a pelvis met with in the Whale arc, the 
rudimentary ossa pubis represented in the figure. These are imbedded 
in the abdominal muscles, and serve to support the external organs of 
generation: the caudal vetobrse, however, arc distinguishable by the 
inferior spinous processes developed from their under surfaces. As to 
the construction of the anterior extremity, the shoulder is composed of 
the scapula alone. The arm and fore-arm are much stunted, and arc 
not moveable at the elbow ; therefore the muscles for pronating and 
supinating the arm do not exist, but are represented by aponeurotic 
cxi)ansions spread over the surfaces of the bones. The bones of the 
cari)U8 are flattened, and more or less consolidated together. The fingers, 
likewise, are flat ; and the whole limb so covered with tendinous bands, 
and enveloped in skin, as to form merely a fin whereby the creature 
guides its course through the water. 

(21 97.) In the Herbivorous Cetacea, as the Manatus and Dugong, 
tlio head is smaller in proportion to the sides of the body, and the 
hands better developed, so as to bo usefid in creeping on land, or in 
cariying their young. These genera inhabit the mou^rhs of tropical 
rivers. 

(2198.) The relationship between the Cetacea and the next order 
that offers itself to our notice is too evident not to bo immediately 
appreciated. The thick and naked skin, the gigantic body, the massive 
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bones, the bulky head, and even the variable and irregular teeth that 
arm the ponderous jaws are all again conspicuous in the Paciiydkrmata; 
and the river and the marsh, the localities frequented by the latter, as 
obviously indicate the iiitermcdiatc position which these animals occupy 
between the acpiatic and the terrestrial Mammalia. 

(2199.) The skeleton of the Hippopotamus (fig. 386) offers a good 
example of the general disposition of the osseous system in the Pachy- 
dermata. The spinous processes of the last cervical and anterior dorsal 
vertebra) are necessarily of prodigious strength, giving origin as they do 
to the muscles that support the weighty skull ; the ribs are numerous, 
broad, and flat; they extend nearly along the entire length of the 
tnmk, and thus assist in sustaining the bulky viscera of the abdomen. 
The pelvis is massive, in proportion to the weight of the body ; and both 
the thoracic and pelvic extremities, short, thick, and strong, form, as it 
were, pillars upon which the trunk is raised. 

Fig. 380. 



Skeleton of flippopotaniUB. 

(2200.) The most important differences observable between the 
various genera of Pachydermatous Mammalia arc found in the structure 
of their feet, and in the number and disposition of their toes. In the 
Elephant there are five to each foot ; but in the living state they are so 
encased in the callous skin which forms a sort of hoof to the foot of this 
monstrous animal, that they are scarcely perceptible externally. In 
the Hippopotamus, above delineated, there are four, and also in the Hog 
tribes; but in* the latter the two middle toes are disproportionately 
large. The Ilhinoccros has only three toes to each foot ; and other 
varieties in this respect might easily be pointed out. 

(2201.) In the Solidungula, or Solipeds, regarded by Cuvier as a 
family belonging to the order last mentioned, wo have a tribe of uni- 
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mals quit^ peculiar os relates to the construction of their locomotive 
extremities. 

(2202.) In the Horse, for example (a creature obviously formed to 
be an assistant to the human race), so completely has every other con- 
sideration been sacrificed in order to ensure the utmost possible strength 
and solidity in the structure of the foot, that all the toes appear exter- 
nally to have been solidified into one bony mass, which, being encased 
in a single dense and homy hoof, is not only strong enough to support 
the weight of the quadruped, and to sustain 
the shock produced by its most active and Fig- 387. 

vigorous leaps, but becomes abundantly efii- 
dent to carry additional burdens, or to draw 
heavy loads in the service of mankind. 

(2203.) In the anterior extremity of a 
Soliped (fig. 387) the shoulder consists 
only of the scapula, there being no clavide 
to connect it with the sternum. The hu- 
mems is short and very strong : the radius 
and ulna are partially consolidated toge- 
ther, so that all movements of pronation 
and supination are impossible. The carpus 
is comppsed of seven short bones disposed 
in two rows. The metacarpus is a single 
bone (the cannon bone), which, from its 
length and size, is commonly called the 

fore log ” of the horse, the carpo-meta- 
carpal articulation ?cing looked upon as 
the knee.” Lastly, the foot consists of 
three great phalanges ; whereof the proxi- 
mal is named the pastern/^ the second 
the “ coronary,^^ and the distal phalanx the 
‘‘ coffin hone.’^ In the macerated skeleton, 
however, the vestiges of two other toes arc 
visible ; but they are merely rudiments re- 
sembling osseous splints attached to each 
side of the metacarpus or cannon bone. 

(2204.) In the posterior limbs of the 
Horse the same peculiarities arc observable, 
in the construction both of the leg and foot. 

(2205.) The Rijminantia constitute an- 
other order of quadrupeds of very great 
importance to mankind, distinguished by 
their remarkable habit of chewing the cud ; 
that is, of bringing up the food again from the stomach into the mouth, 
for the puiposc of undergoing a second process of mastication. They 
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all have well-doveloped incisor tooth in the lower jaw, but none in the 
upper. The patient and thirst-enduring Camel, the stately GiraflTo, the 
Ox, the Sheep, the Goat, the nimble Antelope, and the fleet and el<^nt 
Stag are all examples of this extensive order ; but it is the skeleton of 
the last-mentioned alone that wo shall select for delineation (fig. 388). 

(2200.) The most remarkable feature observable in the liuminant 
order oi quadrupeds is, that, with the exception of tho Camel tribe and 
the Musk-deer, tho males, and sometimes the females, are provided with 
two horns attached to 
the os frontis, appen- 


dages not met with in 
any other Vertebrata. 
In some, as the Giraffe, 
these horns consist 
merely of a bony pro- 
tuberance developed 
from each frontal 
bone, which is coated 
with a hairy skin de- 
rived from the com- 
mon integument of 
the head. In others, 
as in tho Ox, Goat, 
Antelope, (kc., tlie 
bony nucleus of tho 
horn is covered over 
with a sheath of cor- 
neous matter, giving 
it a hard and smooth 
surface. 

(2207.) Eoth the 
above kinds of horns 
arc persistent ; but in 
the Doer tribe the de- 
fences of the head, 
which are large and 
branched, are deei- 



Skelfton of tho Stag. 


duous, tong formed every year from a vascular skin that covers them 
extem^ly during tho period of their growth, but shrivels up and dries 
when they are completed. Those horns faU off after a certain time, to 
ho renewed again the following season. The mode of their formation, 
however, will be examined in another place. 

(2208.) In consequence of the weight of the horns in such species as 
possess weapons of this description, the head is necessarily extremely 
heavy ; iind in genera where the horns are wanting or feebly developed, 
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as in the Camel or Giraffe, such is the length of the neck, that, cvoii 
with a disproportionately small head attached to tho extremity of so long 
a lover, incessant and \iolcnt muscular exertion would be needed to 
sustain or to raise it from the ground. This difficulty is obviated by a 
very simple and elegant contrivance ; a broad band of ligament, com- 
posed of the same elastic tissue as that composing the llgamenta suhjlava 
of the human spine, is extended from the tips of the elongated spinous 
processes of tho back, and sometimes even as far backwards as tho lumbar 
and sacral regions. This ligament, strengthened by additions derived 
from most of the vertebral processes over which it passes, nins fomard 
to be fixed anteriorly to the crest of tho occipitd hone, and to the most 
anterior of the cervical vertebrae. The whole weight of tho cranium and 
neck being therefore fully counterbalanced by the elasticity of this sus- 
pensory ligament, tho muscles of the neck act with every possible advan- 
tage, and all the movements of the head are effected with the utmost 
grace and facility. 

(2209.) Tho RuMiNANTfA are generally distinguished as having 
“ cloven feet and in fact, both the hind and fore feet present a very 
eharactcristic formation. Tho bones of tho fore-arms, as well as the 
tibia and^6t(/a, are more or less completely consolidated, especially to- 
wards their distal extremities. Tho carpal and tarsal bones resemble 
those cf tho Horse, and are similarly situated. The metacari)al and 
metatarsal or cannon bones are respectively composed of two lateral 
halves united along the mesial line ; and to each of those halves is at- 
tached a toe composed of three phalanges, the last phalanx of cacdi being 
encased in a strong hoof. In some genera two rudimentary lateral to(‘s 
arc also distinctly recognizable ; but these are too small to be used in 
locomotion. 

^ Fig. 



Skuk‘tou of Armadillo. 


(2210.) The Edentata, forming the next order of quadrupeds, are so 
called from tho dcficienisy of tcctli observable in the fore part of their 
mouth. In the most perfect tribes, as, for example, in tho Armadillo 
(fig. 389), tho skeleton is well developed in all its parts, and presents 
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nothing to attract our special notice, except, perhaps, the large propor- 
tionate size of the distal joints and claws that arm the toes ; but in the 
Sloths (Bradypus) so unusual is the conformation of the limbs, that it 
had at one time become quite the fashion for naturalists to bestow a 
passing expression of sympathy in alluding to these so-called miserable 
and imperfect members of the animal creation. 

(2211.) The Sloths,” says Cuvier*, derive their name from their 
excessive slowness, the result of a structure truly heteroclite, where 
Nature seems to have wished to amuse herself by producing something 
imperfect and grotesque. These animals have their fingers joined to- 
gether by the skin, and only indicated externally by enormous com- 
pressed and hooked claws, which are bent when in repose towards the 
palms of the hands or the soles of the feet. The hind feet arc articu- 
lated obliquely with the leg, and only rest upon their external edge : 
the phalanges of the fingers are articulated by tight hinge-joints, and 
the proximal ones become consolidated at a certain age with the bones 
of the mctacarpua or metatarsus ; even these last become anchylosed 
with each other for want of use. To this inconvenience in the organi- 
zation of the extremities may be added one equally great, consequent 
upon their proportions : the arms and the fore-arms arc much longer 
than the thighs and the logs ; so that, when these creatures walk, they 
are obliged to drag themselves upon their elbows ; their pelv^, too, is 
so wide, so much inclined laterally, that they cannot approximate their 
knoes. Their deportment is the natural consequence of such dispropor- 
tionate structure. They remain upon trees, and never quit one till they 
have stripped it of its leaves, so difficult is it for them to get to another ; 
nay, it is even asserted that they let themselves fall from their branch 
to avoid the trouble of crawling down.” 

(2212.) Well may humanity pause before it ventures to accuse 
Nature of having wished to amuse herself by producing something 
imperfect and grotesque ; ” and we should not have inflicted upon our- 
selves the task of quoting so painful a passage, did it not emanate from 
such a source, and had not ample opportunities of observation shown that 
the very structure so accurately described by Cuvier is better adapted 
than any other to the arboreal life for which the Sloth is destined. It 
is not upon the ground, but in the tree, that this animal must be criti- 
cised ; and there, as we learn, among its native branches, hanging se- 
curely by means of its hooked toes and peculiarly-organized hind legs, 
it feeds in situations which otherwise would be left unoccupied ; or, 
using its long arms, it swings from bough to bough, with a facility 
little to be expected from its appearance. 

(2213.) The herbage that covers the plain, or the foliage of tho trees, 
arc not, however, the only vegetable materials that have been made 
available for the support of Mammiferous quadrupeds. The KoDENm 
* Bdgne Animal, vol, i. p. 223 seq, 
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are furnished with teeth adapted to gnaw oven the wood and the bark, or 
to crack nuts and other hard fruits, from which they derive nourishment. 

(2214.) This order of Mammals, therefore, is distinguished by the 
possession of two incisor teeth in each jaw, so constructed as to erode 
hard substances, and which, moreover, by a peculiar mechanism, to be 
described in another place, are always kept sharp and trenchant ; such 
are the incisor teeth of the Beaver or of the Hare (fig. 390). 


Fig. 390. 



(221^,) The skeletons of the Eodentia are slight and feeble, adapted 
to the bird-like activity of their habits. Their fingers and toes arc well 
developed, and the bones of the leg and fore-arm free throughout their 
whole length, although the movements of pronation and supination arc 
as yet much limited. In many genera, more especially in such as climb 
trees like the Squirrels, the clavicles are very perfectly formed, so that 
the fore legs can be employed to a certain extent as hands, for convey- 
ing food to the mouth. 

(2216.) Very generally the hind legs of the Rodentia are consider- 
rably longer than their anterior extremities : hence such genera run by 
bounds or leaps, and their course is extremely rapid. In the Jerboa 
(^Dipus) (fig. 391) this disproportionate size of the hind legs is excessive, 
insomuch that the creature moves by leaps, like a Kangaroo ; and the 
metatarsal bones of the three middle toes being consolidated into one 
bone, the whole limb resembles more that of a bird than of a quadruped. 

(2217.) Among all the countless races of the animal kingdom, Man 
alone is permitted, in a state of nature, to arrive at old age ; that is to 
say, at such an age as to allow feebleness and decrepitude to usurp the 
place of strength and activity. Man only is capable of such a privilege, 
because ho alone possesses that foresight which enables him to prepare 
in youth against the decline of his faculties, and is endowed with sym- 
pathies and affections directing the strong and the vigorous to maintain 
the aged and the infirm. 

(2218.) Among the lower animals, sickness and decay arc not per- 
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mitted to exist. Activity and health alone are conspicuous throughout 
the broad creation : disease and decline are banished from the world. 
Docs any creature lack but for a brief period its accustomed powers of 
escape, tlio destroyer is at hand instantly to remove it from its appointed 
sphere of action. Butchers are placed on all sides, ready to perform 
their office ; and nothing is permitted to live but what possesses its 
faculties and its strength unimpaired and imcnfccbled. 

Fig. .391. 



Skeleton of the Jerboa. 

(2219.) The great character that distinguishes the Carnivorous qua- 
drupeds is the high degree of intelligence and actirity for which they are 
so remarkable. * The perfection of their limbs and the acuteness of their 
senses at once indicate their superiority over the Herbivorous races; 
and their jaws, armed with powerful fangs, usually distinguished by the 
name of canine teeth, show at a glance the nature of their appointed 
food and their murderous propensities. 
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(2220.) The distribution of those tyrants of the animal creation we 
shall find to bo coextensive ^ith that of the victims they arc appointed 
to destroy. 

(2221.) The aquatic tribes of the Carnivora Cuv.) are 

obviously constnicted for s^rimming. Their bodies, covered over with 
short, close, and polished hair, taper off towards each extremity, re- 
sembling in form those of the Cetaceans. The coi^ncal, thoracic, and 
lumbar regions of the spine are light and flexible : and tlio pelvis is con- 
tracted, and placed as far back as possible, lloth the anterior and pos- 
terior extremities, although completely formed, are short, and in the 
living animal are only free externally as far as the carpal and tarsal 
joints. The feet, moreover, are broadly webbed, and thus become con- 
verted into most efficient paddles, by the aid of which these creatures 
swim with astonishing ease and elegance, the hinder pair perfonning at 
once the functions of oars and rudder. Upon land, however, their 


Fig. 392. 



movements are, as might be supposed, extremely clumsy : it is true that 
they not unfrcquently scramble on to the beach, there to bask in the 
sun, or to suckle their little ones ; but if danger threatens, they imme- 
diately take to the water, and fall easy victims if their retreat towards 
the sea be intercepted. 

(2222.) Such being the helplessness of the Seals when they quit the 
water for the shore, it is not surprising that, in some of the larger and 
more unwieldy forms, assistant locomotive organs have been given, 
derived from unlooked-for sources. Thus in the Walrus {Trichechus 
rosmarus), which apparently obtains nourishment from the fuci of the 
shore, as well as by destroying living prey, even the canine teeth of the 
upper jaw are converted iato instruments of progression, and serve as 
crutches to drag the animal along. In these creatures the upper jaw 
is extremely dilated and massive, and the canine teeth implanted in it 
not unfrequently project downwards to a distance of from one to two 
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feet from the moiitli. The strength of the tusks so formed is propor- 
tionate to the hulk of this gigantic Seal, and by their aid the Walrus is 
enabled to climb on to the rock in order to repose after its labours in the 
ocean. 

(222JL) The Tebeestrial Carnivora, that live upon flesh, are natu- 
rally divisible iiito two groat sections. Of these, the most cruel and 
bloodthirsty, th.at walk only upon their toes, and are called from this 
circumstance ‘^Digitigrada,” bound along with an elasticity and swiftness 
that are abundantly provided for in the construction of every part of 
their osseous system. In this section are classed the extensive tribes 
of Weasels (fig. 393), Civets, Hyenas, and the race of Cats, the most 
formidable and ravenous of quadnipeds. 

Fig. 393. 



(2224.) In the Feline Carnivora, indeed, to which belong the Lion 
and the Tiger, so justly celebrated for their strength and ferocity, a 
peculiar and beautiful provision is visible in the construction of the 
foot, whereby the claws that arm the last phalanges of the toes are kept 
constantly sharp, their points never being allowed to become worn by 
touching the ground ; hence they arc in these creatures terrific instru- 
ments of attack. The mechanism provided for effecting this is as fol- 
lows : — three elastic ligaments, derived from the penultimate joint of 
the too, are inserted into the last phalanx in such a manner that, by 
their elasticity, under ordinary circumstances, they keep the claw laid 
back upon the upper aspect of the foot ; so that, the soft cushions be- 
neath the toes being the only parts brought in contact with the ground, 
these creatures always walk with a stealthy and noiseless tread. But 
when the Tiger springs upon his prey, the tendons of the flexor muscle 
of the toes, implanted into the opposite surface of the phalanx, over- 
coming the elasticity of the retractile ligaments, pluck forward the 
curved claws,*and burying them deeply in the flesh of the victim, the 
strongest animals struggle vainly to shake off a gripe so tenacious. 

(2225.) But, among the Digitiorade Carnivora, none are of so much 
importance as the Dog — an animal specially provided for the use of 
man, to be his companion in the field, and his assistant at the chase. 
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Nor has Nature, in the case of the Dog, merely given to man a servant 
endowed with sagacity and zeal : man has need of hel|) in various ways, 
and under very difterciit circumstances. In bodily strength ho is un- 
able to cope uuth ferocious enemies that surround him on all sides ; liis 
senses are imperfect, when compared with those of some of the lower 
animals ; in speed he is outstripped by the very creatures appointed to 
be his food : how then are all these deticiencies to be compensated ? 
The Dog has been placed at man’s disposal : its instincts, its size, its 
form, its senses, and its corporeal attributes are all subjugated to his 
control ; and thus whatever aid he may require is to be obtained by 
the cultivation of its faculties. 

(1^2:20.) The Plantkikade CAHxrvouA, as their name indicates, in 
walking apply the entire sole of the foot to the ground, as far back as 
the end of the os calcis : such arc the Bear {Llrsus)^ the (Jlutton [GhIo), 
the Badger (MeJes), and others of similar organization. These tribes 
are less exclusively carnivorous in their habits than the preceding ; and 
their nails are not retractile, so that their points arc blunted by drag- 
ging upon the ground. 

(2227.) The Insecttvoka form another section of these destructive 
(piadrupeds, distinguished by their molar teeth being studded with 
sharp points, and thus calculated to devour insect prey : the Hedgehog 
(Erinace^)y the Shrew {Sorex), and the Mole (Talj>a) are well-known 
examples of this division, and ttfeir habits are known to all. We need 
scarcely mention the peculiar circumstances under which the Mole passes 
its subterranean existence, or the extraordinary conformation of its 
anterior extremities, whereby they are converted into most efficient 
instruments for digging beneath the soil. The extended scapula, the 
strong and wcU-doveloped clavicle, the square and massive humerus, 
and, moreover, the broad and rake-like hand, all proclaim' the office of 
this strange limb ; while the long and carinated sternum indicates with 
equal plainness the size and power of those muscles by which the appa- 
ratus is wielded *. 

(2228.) The Cheieopteba, or family of Bats, present a striking con- 
trast to the Mole both in form and habits ; neither would it be easy to 
conceive that a skeleton, consisting almost of precisely the same ele- 
ments, could be converted to uses so diametrically opposite. 

(2229.) In these Mammalia the anterior extremities are converted 
into wings, enabling them to emulate the very birds in their powers of 
flight, and in the velocity of their movements when upon the wing 
pursuing insect prey. In creatures destined to such a life, the w^holo 
skeleton must of course bo lightened, and the bones attenuated to the 
utmost. The skull, the spine, the thorax, the pelvis, and the hind ex- 
tremities, all testify, by the delicacy of their structure, that no un- 

* For an admirable history of the habits of the Mole, the reader is referred to 
Bell’s British Quadrupeds, page 85. 
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necessary weight is hero permitted. It is, however, in the construction 
of the iinterior limbs tliat the Cheiroptera present the most remarkable 
peculiarities. The scapula) are broad and expanded, covering a con- 
siderable portion of the back of the thorax, thus giving a firm basis to 
the wing. The clavicles arc large and perfectly formed, in order to 
resist the powerful action of the pectoral muscles used in depressing the 


Fig. 394. 



wings during flight ; and in order to give those muscles a sufficient 
extent of origin, tho sternum, althou^ exhibiting the general charac- 
ters of that of a quadruped, is deeply carinated along the mesial line. 
The humerus is of moderate length, but the fore-arm prolonged and 
slender ; it consists, in fact, of but one bone, so that all movements of 
pronation and supination are necessarily impracticable. The carpal 
bones present their usual structure and arrangement at the base of the 
hand ; but those of the metacarpus, excepting that of the thumb, are 
so extraordinarily lengthened, that they themselves form a considerable 
portion of the framework of the wing, which is completed by the pha- 
langes of tho fingers appended to their extremities. All these wire- 
like fingers are connected together by a broad duplicature of skin, 
derived from the sides of the body, which is continued along the whole 
length of the hind legs, and even fills up the interspace between these 
last and tho tail : this membrane forms an expansion sufficiently ex- 
tensive to become converted into an organ of flight. The fingers com- 
posing this strange hand are obviously incapable of closing towards tho 
palm, as ours do when grasping an object ; their only movements are 
such as fold up tho wing against the side of tho body, by laying tho 
fingers close filong the side of the fore-arm, as in closing a fan. The 
thumb alone is left free ; and this being short, and armed with a strong 
nail, is employed in enabling tho creature to cling to some elevated 
object in those gloomy lurking-places wherein it hides during the day. 

(2230.) Tho QuADauMANA, next to mankind the most elevated mem- 
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bers of tbe animal creation, are, as is evident from ©very point of their 
organization, the destined inhabitants of the trees; neither will it 
appear astonishing, when we consider the extensive provision that has 
been made for the support of animal life amid the dense and pathless 
forests of tropical climates, that animals so intelligent, and capable of 
enjoyment, should have been widely disseminated through extensive 
regions of our globe. 

(2231.) The great distinction characteristic of the Quadrumana is 
found in the organization of their feet, all of which are converted into 
prehensile instruments, whereby they can seize the boughs of the trees 
wherein they reside, and thus securely swing themselves from branch 
to branch, or even leap from one tree to another, with wonderful acti- 
vity and precision. Their hands arc constructed upon the same principle 
as those of Man, — their thumbs, although less perfectly formed than our 
own, being opposable to the other fingers, and thus securing a firm and 
steady grasp. The bones of the fore-arm are free, and accurately arti- 
culated with each other ; the pronation and supination of the hand are, 
therefore, accomplished with facility. In the construction of the fet^t 
the same provisions have been made to enable them to take a firm 
grasp ; the toes, like the fingers of the hand, are long and flexible, and 
the representative of the great 'toe is converted into a very perfect 
thumb, easily opposable to the rest ; the foot, or posterior hand, there- 
fore, equals, or even surpasses, Sn its powers of prehension, the hand 
which terminates the anterior limb. For many of the American mon- 
keys a fifth hand has been provided, formed by their long and muscular 
tail, which, from its extreme flexibility, can be forcibly twisted around 
any foreign object, and holds it with a tenacious grasp. Thus abun- 
dantly furnishpd with prehensile instruments, the Quadrumana are 
obviously most excellent and accomplished climbers, springing fear- 
lessly through the forest by strong and vigorous leaps, or chasing their 
prey even to the topmost branches of the trees wherein they live. 

(2232.) But however grotesquely some of the more anthropoid Qua- 
drumana resemble the human race, the approximation, even in their 
outward form, is at best exceedingly remote. The lower tribes, such as 
the Lemurs of Madagascar, walk on all-fours like cats, and arc still re- 
markable for their long and fox-like muzzle. The brutal and ferocious 
Baboons arc scarcely more human in their appearance ; and even in the 
most elevated species, called by the vulgar ‘‘ Wild men of the woods,'' 
the interval that separates them from humanity is unde indeed ! 

(2233.) Taking the skeleton of the Orang-Outang [Simia Satyrus) as 
one of the most perfect examples met with in the class mder consider- 
ation, it is at once evident that such an animal is by no means adapted 
to walk in an erect position, although well fitted to maintain a semi- 
iipright attitude, such as is bc'st calculated for climbing. The skull, 
whose very outline indicates brutal ferocity, is armed with canine teeth 
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scarcely less formidable than those of the Tiger ; and the massive jaws of 
this creature are moved by muscles almost equally powerful. It is true 
that the protuberance of the face is considerably diminished, and the facial 
angle thus materially enlarged ; but to make up for the feebleness of the 
upper jaw, consequent upon this reduced size of the bones composing it, 


additional strength is needed to resist the strong pressure of the enormous 
temporal muscles. This is given 

by adding strong buttresses to 395. 


the outer angle of the orbit, 
formed by the union of the 
frontal and the jugal bones, and 
thus the whole outline of the 
face becomes more humanized. 

(2234.) Another advance to- 
wards the condition of the 
human skull is apparent in the 
position of foramen magnum, 
and of the condyles of the occi- 
pital bone, which are consider- 
ably advanced forwards beneath 
the base of the cranium, thus 
allowing the head to bo articu- 
lated to the atlas at a very con- 
siderable angle with a line drawn 
through the axis of the spine, — 
a condition evidently favourable 
to the erect posture. 

(2235.) The thorax is well 
formed and capacious, giving 
great freedom of respiration : 
but the spinal column is short 
and clumsy; neither does it 
present those graceful sigmoid 
curves that convert the human 
spine into a perfect spring, upon 
the top of which the, head is 
carried. 



(2230.) The arms are of in- 
ordinate length and extremely 


Skuk'ton of Orang-Outang. 


powerful, the joints perfect, and the clavicle well formed. But in the 


construction oft the pelvic extremities the difPerences between this and 


the human skeleton become strikingly apparent. The pelvis is long, and 
the ossa ilii narrow ; the thighs and legs so short, that, when the crea- 
ture stands erect, the tips of the fingers almost touch the ground. The 
protuberance of the os cakis is very slight; and thus the posterior hands. 
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although well adapted for taking hold of any object, arc hut ill calcu- 
lated to sustain the weight of the body in an upright posture. U})on tlio 
ground, indeed, the linng animal puts the spectator in mind of a human 
being crippled in the lower extremities ; hut in its native trees, these 
members, like those of the Sloth, are admirably suited to tlic circum- 
stances under which the Orang is ordained to live. 

(2237.) Having thus introduced the reader to the different orders of 
Mammalia, as well as to the principal differences observable in the ar- 
rangement of their osseous system, we must briefly ghinco at some few 
points connected with their myology, selecting those that seem most 
worth)^ of being specially pointed out to the notice of the anatomical 
student. 

(2238.) To enumerate all the varieties that occur in the disposition 
of the muscular system in vertebrate animals would, of course, be in- 
compatible with the extent of this work ; and perhaps, even were it 
practicable, the details would scarcely possess much interest to the be- 
ginner in comparative anatomy. Considered generally, indeed, the 
muscular system of quadrupeds conforms very accurately in its arrange- 
ment to that of the human subject ; and for the most part the same 
names are applicable to the individual muscles, allowance bemg made 
for such modifications in the maiiner of their origins and insertions as 
are rendered necessary by the disposition of the skeleton, or in order to 
accommbdato them to the pcrfo^ancc of special functions. To enume- 
rate, therefore, the muscles of the jaws, of the neck, of the spine, of the 
chest, of the abdomen, or even of the extremities, in such genera as 
have the members last mentioned completely developed, would only bo 
to repeat circumstances with which the human anatomist is already 
familiar; ne^rtheless there are some points of practical importance 
connected wim this part of our subject that must not be altogether 
passed over in silence. 

(2239.) The diaphragm is a muscle only met with in the class before 
us, and in all Mammalia it forms the great agent in respiration, dividing 
the thoracic from the abdominal cavity by a broad muscido-tcndinous 
septum, and presenting a disposition in all essential particulars similar 
to that of Man. 

(2240.) Another muscle of considerable anatomical interest is the 
cutaneous muscle provided for the movements of the integument. In 
many tribes, more especially those which,like the Hedgehog, the Echidna, 
and the Porcupine, have the skin covered with spines, this muscle is 
extremely developed, investing the greater part of the body with a thick 
layer of muscular fibres, called not improperly the pa^irviculus caraosus. 
In Man, too, this muscle exists, but under a very different aspect, being 
only foimd in certain regions of the body, where it forms numerous 
cutaneous muscles adapted to different offices. In the neck, where it is 
principally developed, it is called the plaiysma mgokles : in the facial 
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region it is likewise of great importance, — the occipito-frontalis^ the 
corrugator superciltij and other muscles connected with the expression 
of the countenunce, being indubitably but portions of the fleshy pannicle. 
In the palm of the hand it is slightly visible, forming the pahnaris 
brevis ; and even the little muscles connected with the external car may 
be referred to the same series. 

(2241.) In Whales, no pelvis or posterior extremities exist; it is 
nci'dless, therefore, to remark that the whole of the muscular system 
appropriated to those parts in higher animals must be totally wanting ; 
but, in return, the muscles connected with the caudal portion of the 
spine arc amazingly powerful, so as to render the horizontally-expanded 
tail an instrument of propulsion adequate to the necessities of these 
unwieldy animals. A large triangular muscle is found in the Cetacea, 
apparently replacing the quadratus Iwnhorum, iho qysoas, and the iliacus, 
which arises from the lower surface of the last rib, from the last dorsal 
vertebra, and also from those of the loins and sacrum : from this power- 
ful assemblage of muscular fasciculi, tendons are given off, to bo inserted 
into the lower surface of the bones that support the tail, converting this 
organ into a mighty oar, adapted by its position to bring the creature 
with aU speed to the top of the ocean in search of air. It is, as might be 
supposed, in the muscles of the limbs that the most important differences 
exist. In the anterior extremities, for example, the presence or absence 
of a clavicle will materially affect the (^sposition of the muscle? of the 
shoulder, as will also the existence of a coracoid process to the scapula ; 
nevertheless in their general arrangement they conform to those of Man. 
The rhomboid muscles, which to creatures walking on all-fours must bo 
important agents, are generally found in quadrupeds to take their origin 
as far forward as the head : the serrati magniy likewise, whereby in the 
prone position the weight of the body is as it were suspended from the 
scapula, must be immensely strong. 

(2242.) The muscles acting upon the arm are similar in all the Mam- 
malia ; but in the fore-arm, as might be expected from the very variable 
condition of this part of the skeleton, the disposition of the muscular 
system varies too, and even the existence of many muscles could not be 
expected : thus as the movements of pronation and supination are, from 
the immoveable condition of the bones of the fore-arm, impracticable in 
the Cj:taceans, the Ruminants, the Solipeds, and others, the pronators 
and supmators are denied ; or, if their representatives exist, they become 
simply assistants in flexion and extension. The flexors and extensors 
of the wrist are pretty constant ; but the muscles devoted to the hand 
and fingers vary in almost every order. The palmar is longus, although 
generally present where the hand is flexible, is wanting where its action 
upon tho palmar fascia would be useless, as for example in the Ungulate 
tribes. 

(2243.) In quadrupeds there are two extensor tendons appropriated 
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to each of the fingers that correspond to the four outer fingers of the 
human hand, whilst in Man the index and little fingers only have 
auxiliary extensors. 

(2244.) The abductor and extensor mu-scles of the thumb are not so 
perfectly developed in any animals as they are in the human hand. The 
short cA'tensory in fiict, is wanting even in Monkeys ; and in tlic lower 
orders of quadrupeds even the extensor lomjus and abductor are blended 
together, or totally wanting. 

(2245.) The deep and superJiclaJ flexors of tlui fingers are very gene- 
rally met with, the number of tendons furnished by each corresponding 
of course to that of the fingers themselves ; but in the Solipeds the two 
muscles arc almost blended together. Even in the Kuminants, althougli 
these muscles remain separate, their tendons become confounded toge- 
ther, and divide again, to be inserted into the phalanges to which they arc 
appropriated. In these Ungulata, too, as we need scarcely say, the hwi- 
hricales and interossei are quite deficient ; and the short muscles of the 
thumb are completely developed only in Man and in the Quadrumana. 

(2246.) It is in the human species only that the lower extremities are 
organized so as to maintain the body in the erect position ; and in con- 
sequence, the glutcei muscles in the human body are enormously deve- 
loped when compared with thos6 of the lower animals ; but the other 
muscles derived from the pelvis and thigh present but slight differences 
throughout the whole class un^er consideration. In the leg and foot 
likewise it is not difficult to identify the muscles that correspond to 
those found in the human subject, but, as in the anterior extremity, 
modified in their disposition and mode of insertion in accordance with 
the construction of the skeleton. 

(2247.) The articulations whereby the different pieces composing the 
Mammiferous skeleton are connected to each other are constructed upon 
the same principles as in the human body, insomuch that to describe 
them even in general terms would be useless. 

(2248.) The bones of the cranium and face, as in Man, are joined 
together by harmony or by suture. The articulations of the lower jaw 
arc double, each presenting an interarticular cartilage, except in the 
Cetacea, where, instead of such a structure, a very thick, matted, liga- 
mentous substance, having its interstices filled with oil, passes directly 
from the condyles of the jaw to the temporal bones. 

(2249.) The joints of the spine, thorax, and pelvis are all constructed 
upon the same principles as the corresponding articulations in the human 
subject ; and the same may, with slight exceptions, be said of those of 
the extremities. The chief differences will be found in the connexion 
between the radius and ulnuy the movements of rotation becoming gra- 
dually less manifest as we descend from Man ; the tibia and flhulay too, 
ultimately become completely anchylosed to each other. The hip-joint 
contains an internal liyamentum teres ; but in a few instances, e. g. the 
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Ornithorhynchiis, the Echidna, the Sloths, the Elephant, the Seals, and 
the Orang-Outaiif]f, this round ligament is deficient. The arrangement 
of the other articulations will be at once apparent on reference to the 
figures of the difierent skeletons already given. 

(2250.) Turning to the digestive system of Mammiferous animals, 
their teeth first invite our attention. We have already, when describing 
the osseous framework of these elevated beings, exposed their general 
arrangement in the jaws of the different orders ; but it still remains for 
us to explain the varieties of their structure and the mode of their 
formation. 

(2251.) The most remarkable form of teeth, one indeed that is 
unhpie, is met with in the Whalebone Whale {Balcma mysticetus). The 


Fig. 396. 



Mouth of the Whalebone Whnle. 


teeth in this Cetacean^ indeed, are not instruments of mastication, hut 
form a very curious apparatus, adapted to strain the waves of the sea as 
through a sieve, and thus obtain from the ocean a sufficiency of food for 
the sustenance of its monstrous body. 

(2252.) The whalebone (as it is improperly called) is attached to the 
gums of the tapper jaw, being arranged in thin flat plates of some 
breadth, and varying in length according to the size of the Whale 
These plates are placed in several rows, similar to teeth in other animals ; 
they stand parallel to each other, having one edge directed towards the 

* J. Hunter, on the Structure and (Economy of Whales (PJiil. Trans. 1787). 
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circumference of the mouth. The outer row is composed of the longest 
plates, and these are in proportion to the varjring distances between the 
two jaws, some being fourteen or fifteen feet long, and twelve or lifteen 
inches broad ; but towards the anterior and posterior part of the mouth 
they are very short. 

(2253.) Inferiorly each plate of whalebone is terminated by a broad 
fringe of homy fibres resembling hair ; and, seeing that in some whales 
there are about three hundred plates composing the outer row on each 
side of the mouth, the reader may form some idea of the extent of this 
enormous strainer, whereby the little Clio borealis, and other small 
Mollusca that swarm so abundantly in the Northern ocean, are caught 
by shoals preparatory to their being swallowed. 

(2254.) For what is known concerning the growth of whalebone, wo 
are indebted to John Hunter ; and as it would be difficult to curtail 
his clear and concise description of the process, it is here given in his 
own words * : — 

(2255.) ** The formation of whalebone is extremely curious, being in 
one respect similar to that of hair, horns, spurs, &c, ; but it has besides 
another mode of growth and decay, equally singular. 

(2256.) These plates form upon a thin vascular substance, not 
immediately adhering to the jaW-bone, but having a more dense sub- 
stance between, which is also vascular. This substance, which may bo 
called fne nidus of the whalebone, sends out thin, broad processes 
answering to each plate, on which the plate is formed, as the cock’s 
spur or the bull’s horn on the bony core, or a tooth on its pulp ; so that 
each plate is necessarily hollow at its growing end, the first part of the 
growth taking place on tho inside of this hollow. 

(2257.) “ Besides this mode of growth, which is common to all such 
substances, it receives additional layers on tho outside, formed from the 
above-mentioned vascular substance, extended along the surface of the 
jaw. This part also forms upon it a semi-horay substance between 
each plate, which is very white, rises with tho whalebone, and becomes 
even ^vith the outer edge of tho jaw. This intermediate substance fills 
up the spaces between the plates as high as the jaw ; acts as abutments 
to the whalebone ; or is similar to tho alveolar processes of the teeth, 
keeping them firm in their places. ^ 

(2258.) ‘‘As both the whalebone and intermediate substance are 
constantly growing, and as we must suppose a determined length neces- 
sary, a regular mode of decay must bo established, not depending 
entirely on chance, or the use it is put to. In its growth, three parts 
appear to be formed : one from the rising cone, which isrthe centre ; a 
second on the outside ; and a third, being the intermediate substance. 
These appear to have three stages of duration ; for that which forms on 
the cone, I believe, makes the hair, and that on the outside makes 
* Fide supra. 
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principally the plate of whalebone : this, when got a certain length, 
breaks off, leaving the hair projecting, becoming at the termination 
very brittle ; and the third, or intermediate * substance, by the time it 
rises as high as the edge of the skin of the jaw, decays and softens away 
like the old cuticle of the solo of the foot when steeped in water.” 

(2259.) Other kinds of teeth, met with among Mammals, are com- 
posed of calcareous earths deposited in a nidus of animal matter, and 
consequently resemble bones in 
the hardness of their texture. Fig. 397. 

In their simplest form these 
teeth consist of but one kind of 
material, called ivory; and in 
such cases there is no distinction 
into classes as in the human 
subject, every tooth being conical, 
and formed upon a simple pulp. 

Such are the teeth of the Por- 
poises (Delphinidce) and of the Teeth of the Porpoise. 

Cachalot Whales (Physeter). The 

example selected to illustrate their structure and mode of growth is a 
preparation of a portion of the jaw of the Bottle-nose Whale (PeJpMn'us 
tarsio), contained in the Hunterian collection f. Prom this it is seen 
(fig. 397) that each tooth of the Cotaceap in question is a holl(^ cone 
of ivory (a, 5, c, d.), which, on being s^it longitudinally, is found to 
contain a vascular pulp exactly filling up its internal cavity. It is 
upon the surface of this pulp that the ivory matter is produced and 
deposited, stratum inter stratum, within the tooth, thus gradually adding 
to its substance as growth proceeds. In animals possessing a dental 
apparatus of this description, Mr. Hunter observed that the teeth are 
not at first developed in the jaw, but appear to form in the gum upon 
the edge of the maxillary bones ; and that they cither sink into the 
jaw as they lengthen, or, as is more probably the case, the alveoli rise 
to enclose their roots as growth advances. It would moreover appear 
that these creatures do not shed their teeth, but that, as the jaw 
enlarges, new teeth arc constantly produced from behind, while those 
towards the symphysis fall off, and their sockets become absorbed : 
thus the size of the teeth is made to keep pace with the increasing 
dimensions of the jawj. The exact number of teeth met with in any 
species of these Whales will evidently be uncertain. 

(2260.) In the male Narwal {Monodon) there are no teeth implanted 

* Mr. Hunter means by “ intermediate,” interposed between the contiguous 
plates, not between the “ hair” and the laminated whalebone. 

t Preps. Nos. 327 & 328. 

\ ‘The Animal QSconomy,’ by John Hunter, with Notes by Richard Owen, Esq., 
F.R.S., p. 353. London, 1837. 
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along the margins of the jaws ; hut from the intermaxillary bone of the 
left side of the face there projects a single tusk of great strength, which 
sometimes attains the length of eight or ten feet. This formidable 
weapon is fully developed only upon one side of the body ; nevertheless 
the corresponding tooth exists in a rudimentary condition, enclosed in 
the opposite intermaxillarj^ bone. 

(2261.) In the Elephant (a creature which so obviously forms a 
connecting link between the gigantic Cetacea and terrestrial quadrupeds) 
tusks, more ponderous even than that of the Narwal, project from 
both intermaxillary bones : but these, as well as the tusks of other 
Pachydebmata, grow upon a simple pulp, such as that which forms the 
teeth of the Bottle-nose Whale ; are composed of ivory, without any 
enamel ; and their growth is only limited by the abrasion to which they 
are subject. 

(2262.) In by far the greater number of quadrupeds the teeth present 
a more complex structure, and consist of two distinct substances of 
very different texture — the one analogous to the ivory of the simple 
teeth described in the last paragraph, the other, called enamely of erj^- 
stalline texture and such extreme density as to withstand being worn 
away by acting upon the hardest materials used as food. Teeth of this 
description may be advantageously divided into two piincipal groups : 
first, those whose growth is continuous during the entire lifetime of the 
animaf ; and second, those whijh are completed at an early period, and 
then cease to grow.’ 

(2263.) The first division includes the incisor teeth of the Rodentia, 
or dentes scalprariiy as they have been termed. Such teeth are, in fact, 
chisels of most admirable construction, destined to gnaw the hardest 
kinds of food, and yet never to all appearance wearing away or becoming 
blunted by use. 

(2264.) The annexed figure (398) represents a section of the incisor 



Growth of incisor tooth in the Porcupine. 


tooth and of the left ramus of the lower jaw of a Porcupine (HystrLv 
cristata); and from this example the structure of such teeth will be 
readily understood. The bulk of the tooth consists of solid ivory (a). 
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which in its texture and mode of growth resembles that of a simple 
tusk, being continually growing from behind by the addition of new 
matter produced from the vascular pulp (c) ; so that, were such a tooth 
not worn away constantly at the point, it would curl up over the face 
like the tusk of the Babiroussa : and if by accident the opposing tooth 
in the upper jaw should be broken off, this circumstance in fact really 
takes place. 

(2265.) But, besides the ivory-forming pulp (c), there is a vascu- 
lar membrane which exists only upon the anterior surface of the 
socket, its limits on each side being distinctly marked by a defined line. 
This membrane secretes enamel, and coats the convex surface of the 
tooth with a thin layer (5) of that dense substance. Prom this beau- 
tiful arrangement it results that, while the anterior end of the tooth is 
perpetually worn away by attrition against hard substances, the ivory 
is abraded more rapidly than the enamel that coats it in front ; thus, 
therefore, the tooth constantly preserves its chisel-like shape, and pre- 
sents the sharp cutting-edge formed by the layer of enamel. 

(2266.) The second kind of teeth, composed of bone and enamel, are 
limited in their growth ; and the entire crown or projecting portion is 
invested with enamel covering its surface. The teeth of all the Carni- 
voRA, of the Quadeumana, and also of Man, are of this description. 
Prom marked differences in their form in different regions of thi mouth, 
such teeth are conveniently divisiblelinto different groups, called re- 
spectively mcisoreSf lanlares or canine teeth, jpseudo-molares or false 
grinders, and molares or grinding teeth. 

(2267.) Whatever may be the shape of teeth of this class, their mode 
of growth is similar to that observed in those of our own species. Wo 


Fig. 300. 



Growing teeth of » young Lion. 

have chosen, in order to illustrate this, the growing permanent teeth of 
a young Lion, wherein the different organs employed in their formation 
are easily distinguishable. The ivory that forms the bulk of the tooth 
(fig. 399, d) is formed by the surface of an internal pulp (a) ; and as it 
slowly accumulates, encroaching upon the central cavity, and penetra- 
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ting more deeply into the socket, the fang is gradually formed, and the 
central pulp shrinks until, in the fully-formed tooth, it becomes reduced 
to a thin membrane richly supplied with vessels and nerves, which lines 
the small central cavity that remains. 

(2268.) Before the progressively advancing tooth issues from the 
nidus wherein it is produced, the enamel is deposited upon the surface 
of the ivory by the lining membrane of the capsule (c), and becomes 
arranged in crystalline fibres placed perpendicularly to the surface of the 
ivory, until the whole crown of the tooth is adequately coated with this 
important additional substance. Meanwhile the growth of the tooth still 
proceeds by the lengthening of its root, until at last the crown issues 
from the jav/, and the enamel-secreting membrane (c) becomes obliterated. 

(2269.) The most complex condition of the dental organs is that 
found in the molar teeth of herbivorous quadrupeds, which, being de- 
stined to act the part of millstones in grinding down and comminuting 
vegetable substances, must necessarily, like the millstones of human con- 
trivance, have a grinding surface, presenting prominent edges and deep 
sulci, not liable to become worn even by tho continual abrasion to which 
they are subjected. In order to attain this end, the ivory and enamel 
interdigitatc, as it were, in the substance of tho tooth, and are, moreover, 
imbedded in a third material, not met with in the simpler forms, called 
the cemmtum or crusta petrosa. In consequence of this arrangement, 
seeing that tho plates of ivory, ot enamel, and of cement are all of dif- 
ferent degrees of hardness, tho softer substances are most easily worn 
away, and thus these compound teeth always offer an efficient grinding 
surface. 

(2270.) By inspecting the accompanying figure (fig. 400) represent- 


Fig. 400. 



Structure of tho molar teeth of the Elephant. 


ing a section of the tooth of an Elephant, the disposition referred to will 
be better understood : the layers of enamel arc seen to alternate with 
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plates of ivory, while all the interstices are filled up by the circumfused 
cementum. 

(2271 .) During the growth of a compound tooth of this description, 
the enamel-secreting membranes derived from the capsule of the tooth, 
of course, interdigitatc with the ivory-forming pulps that arise from the 
bottom of the sockets, and thus the hard materials formed b}'^ them take 
the same arrangement. After these structures have been completed, one 
or other of the sets of pulps, most probably the enamel pulps, changing 
their action, fill up all the intervening spaces with the ermta petrosa. 

(2272.) As during the growth of a quadruped the size of the jaws is 
continually increasing, a necessity exists for changing the teeth once or 
oftener during the life of the animal, in order to adapt these organs to 
the altered conditions required: hence the necessity for shedding the 
teeth of young animals, and replacing them with others of larger dimen- 
sions or more numerous than the first set. 

(2273.) This is effected in two different ways, each of which demands 
our separate notice. 

(2274.) In most quadrupeds, as, for example, in the Carnivora, the 
Quadmmana, and the greater number of herbivorous genera, the succes- 
sion of the teeth is provided for precisely in the same way as in our own 
species, namely, by the formation of a new tooth below each of the 
deciduous ones (fig. 399, d d) ; so that when the latter falls oul in con- 
sequence of the absorption of its fangs, the former is ready to take its 
place. The germ of the second tooth is at first found imbedded in the 
jaw-bone, in the immediate vicinity of the roots of the one which it 
is destined to replace ; and as its growth advances, the old and used 
tooth is gradually removed to make way for the new comer. The steps 
of this process are exactly similar to those by which the milk-teeth of a 
child are changed, and the details connected with it are familiar to every 
anatomist. 

(2275.) But in the Elephant, and some other genera of Pachtdekmata, 
the succession of the tooth is effected in a different manner, the place of 
the first-formed being supplied by others that advance from behind as 
the former become used. Animals exhibiting this mode of dentition 
have the grinding surfaces of their molar teeth placed obliquely * ; so 
that if they were to issue altogether from the gum, the anterior portion 
would be much more prominent than the posterior, notwithstanding that 
the opposed teeth act upon each other in a horizontal plane. The con- 
sequence of this arrangement is, that the anterior portion of these teeth 
is ground doTO to the roots, and worn away sooner than the posterior 
portion. Moreover the posterior part of the tooth is considerably wider 
than the anterior ; so that, as the succeeding tooth advances from behind, 
there is always sufficient room to receive it ; and in this way, by the time 
that the first tooth is quite destroyed and falls out, a new one from behind 
♦ Cuvier, Lefons d’Anat. Pomp. iii. p. 122. 
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has ali-eady taken its office. There is, therefore, no absorption of the 
roots of these teeth, hut they are ground down from the crown to the 
stump. 

(2276.) The now tooth that thus advances from behind is always of 
larger dimensions than that to which it succeeds, because the animal 
itself has grown in the interval, and the jaws have become proportionally 
developed. 

(2277.) The Elephant in this way may have a succession of seven or 
eight teeth on each ade in both jaws, or from twenty-eight to thirty- 
two in all ; and nevertheless, seeing that the anterior ones successively 
fall out, there are never more than two visible at once above the gums 
on each side, or eight in all ; generally, indeed, there is only one visible 
at a time. Every successive tooth is composed of more laminm than that 
which immediately preceded it, and a longer time is required to perfect 
its growth. 

(2278.) Nearly the same account of this process was found in the 
Manuscripts of John Hunter *, who lucidly accounts for such an aberra- 
tion from the ordinary course of proceeding. Those creatures,’’ says 
that distinguished observer of Nature, do not shed thek teeth as other 
animals do that have more than one ; for those that have more than one 
tooth can afford to be for some time without some of their teeth : there- 
fore thef^oung tooth comes up in many nearly in the same place with its 
predecessor, and some exactly uiidemoath ; so that the shedding tooth 
falls sometimes before the succeeding tooth can supply its uses. But 
this would not have answered in the Elephant ; for if the succeeding 
tooth had formed in the same situation with respect to the first, the 
animal would have been for some time entirely deprived of a tooth on 
one side, — or, at least, if it had one on the same side in the opposite jaw, 
that one could have been of no use ; and if this process took place in 
both sides of the same jaw, and in cither jaw, the animal would have 
been entirely deprived of any use of the two remaining.” 

(2279.) The teeth of Mammalia being thus adapted to so many 
various offices, and serving, under different circumstances, to hold, to 
bruise, to cut, to tear, or to grind alimentary substances, we must natu- 
rally expect the movements of which the lower jaw is capable to bo in 
correspondence with the nature of the dental apphratus. 

(2280.) In Man, as the student well knows, in consequence of the 
laxity of the ligaments that connect the inferior maxilla with the tem- 
poral bone, and the thickness of the articular cartilage that is interposed 
between the convex surface of the condyle and the shallow glenoid 
cavity, every kind of motion is permitted, in conformity with the omni- 
vorous habits of the human race ; and the temporo-maxillary articula- 
tion is no longer a mere hinge, but the teeth can bo made to act upon 

* Descriptive and Illustrated Catalogue of the Physiological Scries of Comparative 
Anatomy in the Museum of the Boyal College of Surgeons of London, Part i. p. 100. 
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each other by rubbing their grinding surfaces in all needful directions. 
In the Herbivorous quadrupeds these triturating motions are likewise 
extensive. In the Hodextia the movements of the lower jaw are prin- * 
cij)ally backwards and forwards, thus giving free play to their chisel-like 
teeth whilst employed in eroding hard substances ; and in the Carxivoiia, 
where there is no necessity for any grinding motion, the condyle is so 
locked into a deep and transverse glenoid cavity, that the movements of 
a hinge only are permitted. 

(2281.) But whatever the degree of motion conferred upon the lower 
jaw, the muscles that act upon it are exactly comparable to those of the 
human subject. The masseter is strengthened in proportion to the hard- 
ness of the substances used for food ; the temporal covers a greater or 
less extent of the cranium as the jaws are stronger or more feeble ; and 
even the pterygoid muscles differ only in relative size and form from 
those of Man. 

(2282.) The digastric muscle, however, which is an important agent 
in depressing the lower maxilla, does not preserve the same arrange- 
ment in the lower quadrupeds that it presents in the human species. 
In Monkeys, indeed, it still exhibits two fleshy bellies, and a central 
tendon that traverses the stylo-Jiyoidem ; but in general it is a single 
fleshy muscle, arising from the neighbourhood of the mastoid process, and 
inserted near the angle of the jaw. • 

(2283.) The tongue^ in nearly all tiio Mammifera, is composed of the 
same muscles as in Man ; and their disposition is so similar as to render 
any detailed enumeration of them quite unnecessary. The only excep- 
tions worthy of notice are found in the Ant-eater (Myrmecophaga) 
and in the Echidna, animals possessing tongues of remarkable length 
and slenderness, by means of which they secure their insect prey, 

(2284.) In both these animals the tongue suddenly becomes much 
contracted at the place wdicro it begins to be free from the surrounding 
parts. It then appears to be made up of two very long and slender 
muscular cones, laid one upon the back of the other, their apices being 
at the end of the tongue *, Each of these cones consists of two muscles : 
one external, composed of a multitude of distinct fasciculi investing the 
internal muscle in a circular manner, and forming around it numerous 
little rings rescrablihg the annelli of an earthworm. The internal 
muscle, on the contrary, is of great length ; it arises from the middle 
and upper part of the sternum, runs forward along the neck, passes 
between two layers of the mylo-gJossiis, and afterwards becomes sur- 
rounded by the annular muscle ; it is composed of distinct fasciculi, 
rolled upon themselves in an elongated spiral ; the external fibres termi- 
nate at the first rings ; those beneath attain the rings that succeed, and 
so on until the innermost fibres reach quite to the extremity of the 
tongue. It is easy to perceive that, by its action, this muscle will 
» Cuvier, Lemons d’Anat. Comp. lii. p. 264. 
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shorten the tongue until it lies in a very small compass, or bend it in any 
direction ; whilst the annular musclo will lengthen it, exactly in the 
, same way as the body of a leech is extended or contracted. 

(2285.) In the Ant-eater the annular musclo does not appear so 
distinctly double as it does in the Echidna ; but it forms by itself 
almost all the substance of the tongue, which is thus capable of being 
elongated to a wonderful extent. 

(228().) Regarding the tongue with reference to the sense of taste, 
the Mammalia may be looked upon as the only animals capable of 
receiving much enjoyment from this source, since in them alone the 
lingual mucous lining seems to be perfectly adapted to gustation. Even 
among these highly-endowed creatures, it is only in Man, and those 
Herbivorous orders that prepare their food in the mouth by a prolonged 
mastication, that the sense in question exhibits much delicacy of per- 
ception ; for the Carnivorous quadrupeds, seeing that they tear to pieces 
and swallow their food in largo morsels, can scarcely bo supposed to pay 
much attention to its sapid qualities. 

(2287.) In the Cat tribe (Felidce)^ indeed, all the middle portion of the 
surface of the tongue is covered over with sharp, recurved, and homy 
spines, adapted, as it were, to file off remnants of soft flesli from the 
bones of their victims; and the gustatory papillm are elsewhere of 
small dimensions. The tongue of the Porcupine, likewise, is armed on 
each side near its extremity with broad, homy and sharp scales ; but, 
with these exceptions, the mucous covering of the tongue, the various 
kinds of papilla) upon different parts of its surface, and, moreover, the 
distribution of the nerves supplied to it, differ in no important circum- 
stance from what is obscr\"ed in the human organ of taste. 

(2288.) Importantly connected with the perfection of the sense of 
taste, and materially assisting in the mastication of food, is the salivary 
apparatus, which, throughout all the Mammalia, is made up of glands 
that offer the same general arrangement as in Man. 

(2289.) The parotids vary principally in their proportionate size ; and 
their ducts always perforate the lining membrane of the mouth in the 
vicinity of the molar teeth. 

(2290.) The suhmaxUlary and the sublingual glands are also very 
generally present ; and, as in the human subject* the saliva that they 
furnish enters the mouth beneath the under surface of the tongue. 

(2291.) The mucous lining of the lips and cheeks is likewise studded 
with muciparous follicles, called, from their situation, huccaly molar ^ or 
labial glands ; these likewise serve to lubricate the oral cjivity. 

(2292.) In the Seals (Phocidee) there are no parotids, neither are 
these glands found in the Echidna hystrix, or in the Ant-eater (JMyrtne^ 
cophagd ) ; but in the last-named genus their place is supplied by two 
other secreting organs, of which Cuvier gives the following description*. 

* Lemons d’Anat. Comp. iii. p. 215. 
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One is in contact inferiorly with the upper edge of the masseter muscle, 
and fills up a great part of the space that represents the temporal, zygo- 
matic, and orbital fossae, where it partially embraces the globe of the 
eye : the excretory duct derived from this gland opens into the mouth, 
behind the superior maxillary bone. The other, which is probably 
destined to furnish the viscid secretion that coats the worm-like tongue 
of this animal, is oval and flat, lying in front of the tendon of the mas- 
seter, behind the angle of the lips, and then running along the edge of 
the lower lip as far as its middle. Its canal opens externally in a 
groove at the commissure of the lips ; and a white, thick and tenacious 
fluid may bo pressed out from the cells of which the gland seems to be 
made up. 

(2293.) In a few species, in addition to the salivary glands met with 
in Man *, there is a group, apparently a continuation of the molar, 
which mounts up along the superior maxillary bone, beneath the zygoma, 
even to behind the globe of the eye. The excretory ducts derived from 
this group pierce the mucous membrane near the posterior margin of 
the superior alveolar ridge. Such an arrangement is mot with in the 
Ox, tlie Shec]), and the Horse. 

(2294.) In the Amphibious Mammalia the salivary system is very 
feebly developed ; and in the Cetacea, as might be expected from their 
habits, no salivary glands whatever are to bo detected. ^ 

(2295.) Before considering the mechanism of deglutition in the Mam- 
malia, wo must, in the next place, briefly describe their hyoid appa- 
ratus ; more especially as this remarkable system of bones, which in 
the lower Vertebrata was so importantly connected with the respiratoiy 
function, is now reduced to an extremely simple condition, and, although 
it is still intimately connected with the larynx^ is more particularly 
remarkable as forming a centre of attachment for almost all the muscles 
of the throat. 

(2290.) Perhaps there is no part of the bony framework of the body 
that exemplifies more strongly than the os hy aides the impossibility of 
attaining coiTect physiological views relative to the composition of the 
skeleton by the mere examination of the human subject. Let the 
student, for instance, compare for a moment the os hyoides of Man with 
that of the Fish, or Of the Amphibious Reptile, and endeavour, in the 
simple segment of a circle presented by the one, to find the analogues 
of the body and complicated arches of the others ; then, doubtless, he 
will find that, without some intermediate gradations of form, it is not 
easy to trace the slightest relationship between them. 

(2297.) Th*e human os hyoides consists of a central portion and two 
cornua ; but these are generally so completely consolidated as to form 
but one bone, which is connected by the interposition of a broad liga- 
ment with the upper margin of the thyroid cartilage ; moreover two 
^ Le9ons d’ Anat. Comp. iii. p. 210. 
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smaller appendages, called the cornua y are articulated with the 

upper surface of the hyoid bone, close to the point of junction between 
the cornua majora and the body, from whence ligaments, called the 
stylo-hyoid, pass upwards and backwards to the styloid processes of the 
temporal bone. 

(2298.) All the apparatus of hyoid arches passing between the body 
of the bone and the base of the cranium, which were so largely deve- 
loped in the lower Vertebrata, have therefore totally disappeared ; and 
the question to be solved is, how we may identify the remaining portions 
with any of the elements of the more complex structures that have come 
under our notice., 

(2299.) Difficult as this would be to the student who had confined 
his attention to the human body, on 
referring to the oshyoides of a quadni- Fig. 401. 

ped, one of the Carnivora for instance, 
the analogies become at once percep- 
tible. The body (fig. 401) is evidently 
the representative of the central portion 
of the hyoid apparatus in Fishes, in 
Reptiles, and in Birds, which have been 
described in preceding pages. The lin- 
gual elements, found even in Birds, are 
quite obliterated ; but two archeg still 
remain. The posterior of these (fig.401), 
which represent the larger cornua of 
the human os hyoides, do not reach the 
cranium, but, as in Man, are attached 
by muscle and ligament to the thyroid hyoides 

cartilage ; while the anterior cornua, so 

small in Man, arc in quadrupeds by far the largest, each consisting of 
two pieces, of which the second are articulated with the extremities of 
the styloid bones, and these last are in turn joined to the temporal 
bones by means of articulating surfaces. In Man the styloid bones 
become anchylosed with the temporal, giving rise to the ‘‘ styloid pro- 
cesses and the intermediate pieces of the anterior cornua have their 
places supplied by ligaments (the stylo-hyoid) : ih this way, therefore, 
the hyoid apparatus attains the form that it exhibits in the human 
skeleton. 

(2300.) The muscles connected with the os hyoides in quadrupeds 
correspond with those met with in the human body ; and their action in 
effecting the deglutition of food is well known to the anatomical reader. 

(2301.) The passage of the fauces in the Mammalia presents an 
organization peculiar to the class, and exhibits structures adapted to 
prevent alimentary materials from entering the air-passages during the 
operation of swallowing. The most remarkable of these is the epiglottis. 
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forining a valvular fibro-cartilaginous lid, that accurately closes the 
opening of the larynx during the transit of food into the throat. The 
communication between the posterior nares and the faucial cavity is 
likewise protected by a musculo-membranous valve, called the velum 
pendulum palati ; but as, with the exception of the Cetacea, hereafter 
to bo. noticed, the arrangement of these parts exactly resembles what is 
scon in the human subject, it would bo superfluous to describe them 
more minutely in this place. 

(2302.) The bag of the pharynx in all the Mammalia is similar in its 
structure to that of Man ; and its muscles, namely, the stylo-pharyn- 
yens and the three constrictorSf although stronger than in our own 
species, offer no differences worthy of more particular notice. 

(2303.) The oesophagus, leading from the termination of the pharynx 
into the stomach, is a long muscular tube that traverses the chest in 
front of the bodies of the dorsal vertebra), and, having pierced the 
diaphragm, reaches the abdominal cavity. Its lining membrane is 
loose and much j^licated, so as to allow of considerable dilatation ; but 
externally its walls arc very muscular, the surrounding muscles being 
arranged in two distinct layers. In Alan the outer stratum of muscular 
fibres is disposed longitudinally, while the inner layer consists of circular 
fibres ; but in most other Alammalia both those layers assume a spiral 
course, and cross each other obliquely as they embrace the oes^hageal 
tube. * 

(2304.) The stomach itself presents such endless diversity of form, 
that merely to enumerate all the details that have been amassed relative 
to this part of our subject would fill many volumes, without perhaps at 
aU advancing our real knowledge concerning the progress of digestion ; 
we must therefore content ourselves with a very general view of the 
organization of this important viscus, and regard the Atammalia as 
possessing either simplCf complexj or compound stomachs, each of which 
will deserve a distinct notice. 

(2305.) In the simple form of stomach the organ consists of a single 
cavity, as is the case in the human species ; let the shape of the viscus 
be elongated, pyriform, or globular (for in this respect there is every 
possible variety) ; wliatever its form, or the relative positions of the 
cardiac and pyloric orifices, its structure corresponds with that of Man 
in all essential particulars. This kind of storaacli exists in by far the 
greater number of Mammals. 

(2306.) In the complex stomach the viscus is made up of several 
compartments ^communicating with each other, but without presenting 
any difference of organization such as in the present state of physio- 
logical knowledge would lead us to suppose them to possess different 
functions : neither are we at all able to find any connexion between 
such an arrangement and the nature of the substances used as food. 
The Kangaroo {Macropus major), the Kangaroo Kat {Hypsiprymnus), 
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the Porcupine {lli/striv), and the //i/ra.v arc amongst the most striking 
examples. 

(2307.) The compound stomach is that possessed hy the IIuminantia, 
or animals that chew the cud, and consists of four distinct cavities, 
differing very materially both in their size and in the arrangement of 
their lining membranes. Tho first and by far the largest cavity 
(fig. 402, d) is called the paunch (rumen), and is of very great size, 
occupjing a considerable portion ot the abdominal cavity, and forming 
the great receptacle 

into which the crude Fig. 402. 

vegetable aliment is 
received Avhen first 
swallowed ; this cham- 
ber is lined with shaggy 
villi. The second cavity 
{reticulum) (c) is much 
smaller, and its walls 
are covered with nu- 
merous polygonal cells, 
from whence it derives 
the name it bears. The 
third chamber (e), call- 
ed the psalterium, has 
its lining membrane 
disposed so as to form 
deep lamellae, arranged 
lon^tudinaUy in alter- of the sheep, 

nating large and small 

layers, and thus presenting a most extensive surface. The fourth sto- 
mach (ahomasus) (/) also exhibits very numerous folds of mucous 
membrane : it is of a pyriform shape, and by its smaller end terminates 
at the pylorus (^), The three first stomachs are lined internally with 
a thin cuticular investment ; but the last, apparently tho representative 
of the single stomach of those quadrupeds that have but one stomachal 
cavity, is coated with a soft membrane that furnishes abundantly the 
ordinary gastric secretions, and appears to bo more especially the di- 
gestive stomach. 

(2308.) The passage of the food through these different chambers 
will be easily understood on referring to the preceding figure, in which 
the course of the aliment before and after rumination i§ indicated by 
the direction of the probes a, b. The oesophagus, it will bo observed, 
communicates on the one hand with the paunch (d), and on the other 
with the cavities c, e, f; and, moreover, by means of a muscular fold 
formed by tho walls of tho second cavity, a passage may be formed 
leading directly into the third stomach (e) without communicating with 
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the second (c). The ])roccss of rumination, therefore, would seem to bo 
effected in the following manner : — The herbage when first swallowed 
in an nnmasticaied ccmditioii passes into the capacious paunch (d), 
when^ it accumulates, and undergoes, no doubt, a kind of preliminary 
nuKieration. When the lluminant has done grazing, and is at leisure, 
the food is again regurgitated into the mouth, to undergo more careful 
Jind f oiuplete mastication : for this purpose, a part of it is admitted into 
the retu nJum (e), and there formed into a smooth and lubricated bolus, 
which, biung expelled into the oesophagus, is immediately seized by the 
H])iral muscles suiTounding that canal and forced forwards into the 
mouth. After undergoing a thorough trituration, the aliment is once 
more swallowed, and it then enters into the third stomach (e), passing 
along the muscular fold that leads from the oesophagus into that com- 
partment. Here it is spread out over the extensive surface formed by 
the laminated walls of the psalterium, and is prepared for admission 
into the hist cavity (/), which, as has been said, is the true digestive 
stomach. 

(2309.) While the young Ruminant continues to be nourished by 
its mother’s milk, the three first cavities are undeveloped and compara- 
tively very small; so that the milk passes on immediately into the 
fourth stomach, to be at once appropriated as aliment. 

(2310.) In the Camel, the Dromedary, and the Llama, the walls of 
the reticulum and of a portion of the.paunch are excavated into deep 
cells or reservoirs bounded by muscular fascicuK, wherein water may 
be retained in considerable abundance, unmixed with the contents of the 
stomach : it is in consequence of this arrangement that these animals 
are able to subsist for many days without needing a fresh supply of 
water even during long journeys in a tropical climate. 

(2311.) In the Cetacea the stomach consists of several bags that 
communicate with each other. These bags vary from five to seven in 
number; but in the present state of our knowledge concerning the 
j)hysiology of digestion it is difficult to divine what is the purpose of 
such an arrangement, more especially as rumination is here out of the 
question. The first stomach of the Whale, however, is no longer merely 
a reservoir*, as the food undergoes a considerable change in it. The 
fiesh of its prey is entirely separated from the bones, which proves that 
the secretion of this cavity has a solvent power. This was found to be 
tlio case in the Dottle -nose Porpoise and in the large Bottle-nose Whale, 
ill both of which several handfuls of bones were contained in the first 
cavity, withou^ the smallest remains of the fish to which they had 
belonged. In others the earth had been dissolved, so that only the soft 
parts remained ; and, indeed, it is only partially-digested materials that 
can be conveyed into the second and third cavities, the orifices being 
too small to permit bones to pass. 

* Sir E. Home, Lectures on Comparative Anatomy, vol. i. p. 225. 
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(2312.) The rest of the alimentary canal in most quadrupeds, like 
that of Man, is divisible into the small and the large intestines, — the 
division between the two being marked by one or even two appendages, 
called respectively the comm and the appendioe vermiformis, 

(2313.) The small intestines require no particular description, as in 
all minor circumstances, such as their proportionate length and diameter, 
or in the number and arrangement of the valvulce conniventes, they do 
not differ from the human. The large intestines, however, offer very 
great variations of structure, and will therefore merit our more attentive 
consideration ; we shall accordingly lay before the reader the following 
Hsumi of the principal facta connected with this subject, as given by the 
indefatigable Cuvier 

(2314.) In Man, the Orang (^imia), and the Wombat {Phascolomys), 
both caecum and vermiform appendage are met with. 

(2315.) In the other Quauritmana, the Digitiorade Carnivora, the 
Marsupialia, the Rodentta, the Pacuydermata, the Ruminantia, the 
SoLTPEDs, and the Amphihious Mammals, there is a caecum without any 
vermiform appendage. 

(231(3.) Neither ccvcmi nor appendix vermiformis is found in the 
Edentata, the Plantigrade Carnivora, nor in the Cetacea. 

(2317.) Numerous exceptions, of course, occur to the above summary ; 
but it would be useless to notice them in a survey so general as the 
present. . 

(2318.) Even where no caecum exists, the separation between the 
large and small intestines is generally indicated by a valve {iUo-colic) 
formed by the lining membrane of the bowel ; this, for example, is the 
case in the Sloths and Armadillos. 

(2319.) In all the ^lammalia that possess a caecum, this organ ap- 
pears to be a prolongation of the colon beyond the point at which the 
small intestine enters its cavity. The caecum thus formed varies ma- 
terially, both as relates to its size, shape, and structure : in animals 
that live upon vegetables, and oven in some that are omnivorous, it is 
generally very large, gathered into sacculi, and often distinctly glandular ; 
but in such as live upon flesh it is always small, and its cavity smooth, 
resembling a small intestine. 

(2320.) The assistant chylopoietic viscera, namely, the liver, the 
pancreas, and the spleen, are constructed upon the same principles as in 
the human subject, and, except in a few minor circumstances, offer little 
to arrest our particular notice. 

(2321 .) The liver occupies the same position as in M^in, being prin- 
cipally situated in the right hypochondrium, where it is securely sus- 
pended by broad folds of peritoneum connecting it to the abdominal 
surface of the diaphragm and to the circumjacent parts. It is most 
frc(iucntly, especially in the more active carnivorous families, divided by 
* Loejons d’Anat. Comp. iii. p. 465. 
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deep fissures into several lobes, a disposition whereby the free movement 
of this part of the body is evidently facilitated. The gall-bladder, when 
present, which is not invariably the case, receives the bile indirectly 
through a cystic duct derived from the hepatic ; so that the biliary fluid, 
poured into the duodenum through a ductm communis choledochus, is 
derived either immediately from the liver, or is regurgitated from the 
gall-bladder as occasion requires. 

(2322.) The pancreas resembles the human in every particular ; and 
its secretion enters the duodenum at the same point as that of the 
liver. 

(2323.) The spleen is always attached to the stomach by a dupli- 
cature of the peritoneal lining of the abdomen, and is organized in the 
same manner as that of Man, except in the Cetacea, where this viscus 
is divided into several small portions quite distinct from each other. 

(2324.) The system of the vena portae is made up of thb venous 
trunks derived from the spleen, the stomach, the pancreas, and the in- 
testinal canal : these all unite to form one largo central trunk, which, 
after entering the liver, again divides and subdivides minutely in that 
viscus, and furnishes the venous blood, from which the bilo is principally, 
if not entirely, elaborated. 

(2325.) The peritoneAim, or the serous membrane lining the abdomi- 
nal cavity, forms in the Mammalia a shut sac, and by its numcg’ous in- 
flexions invests all the chylopoiotic viscera, forming broad mesenteric 
folds to support the intestines ; it thus encloses between its laminoe the 
entire system of mesenteric vessels, and also the lacteals derived from 
the alimentary canal ; as to the rest, its structure and disposition, even 
to the formation of the omental sacs, differ in no important respect from 
what is found in the human body. 

(2326.) The chyle, the result of the digestive process, is taken up 
from the mucous lining of the intestinal canal by innumerable micro- 
scopic orifices that form the commencement of the lacteal system, which 
in the Mammalia seems to assume its most perfect development. This 
important system of absorbent vessels consists of slender canals enclosed 
between the two layers of the mesentery, to the root of which they con- 
verge from all the tract of the intestine. The valves formed by the 
lining membrane of these tubes are in Mammals so numerous and perfect 
that it is no longer possible to inject them from trunk to branch. Before 
terminating in the thoracic duct, these vessels permeate numerous 
<< mesenteric glands, as they are called, by means whereof they appear 
to communicate freely with the venous system; but the bulk of the 
matter absorbed enters a kind of reservoir called the receptaculum 
chyll,’^ whence, by means of the thoracic duct, the chyle is conveyed to 
be mixed up with the mass of circulating fluid, and is ultimately poured 
into the vena innominata at the junction of the jugular and subclavian 
veins of the left side of the body. 
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(2327.) The lymphatic system of Mammals, as far as it has been 
studied, conforms in its arrangement to that of IMaii. 

(2328.) Neither will it be at all necessary to describe at any length 
the construction of the respiratory and circulatory organs in the class 
now under consideration, seeing that the stnicture of the lungs, the 
mechanism of respiration, the arrangement of the pulmonary vessels, the 
cavities of the heart, and the general disposition of the arteries and 
veins of the systemic circulation differ in no material circumstance from 
what is met with in the human subject. 

(2329.) The lungs, occupying the two sides of the chest, are each 
contained in a distinct chamber, formed by the ribs and diaphragm, 
without in any part adhering to its walls. Each lung is enclosed in a 
serous cavity formed by the pleura, which, after lining the ribs, the 
intercostal muscles, and the thoracic surface of the diaphragm, is re- 
flected on to the lung itself at the point occupied by the roots of the 
pulmonic vessels, and invests the entire surface of the viscus ; it more- 
over passes deeply into those fissures that separate the lung into several 
distinct lobes. 

(2330.) In the interspace between the two ploiirm, called the me- 
diastim, is lodged the heart, contained in a flbro-serous envelope (the 
pericardium ) ; and behind this, the oesophagus, accompanied by the 
principal trunks of the vascular system, passes through the thorax into 
the abdomen. 

(2331.) Each lung is a closed bag, composed of innumerable cells 
that communicate with the terminations of the bronchial tubes, and 
collectively present an immense surface, over which the blood contained 
in the capillaries of the pulmonary vessels is made to circulate. 

(2332.) The inspiration and expiration of air are effected by the alter- 
nate movements of the diaphragm and of the walls of the thoracic cavity, 
whereby the atmospheric fluid is drawn into and expelled from the 
pulmonary cellules, and is thus constantly renewed as it becomes dete- 
riorated by the abstraction of the oxygen consumed during the process 
of converting the venous into arterial blood. 

(2333.) The purified blood, after passing through the pulmonary 
capillaries, is collected in an arterialized condition by the pulmonary 
veins, and conveyed to the systemic side of the heart, which offers the 
same arrangement throughout the entire class, consisting of an auricular 
chamber (fig. 403, c) and of a very muscular ventricle (a), the auriculo- 
ventricular opening being guarded by mitral valves and columnee carneoe^ 
similar to those found in the human heart. From the left ventricle the 
blood is driven into the aorta (c), the commencement of which is 
guarded by three semilunar valves, and thus it passes through the entire 
system. 

(2334.) When again collected from the periphery of the body, the 
now vitiated fluid is returned to the heart by the venous system, and 
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poured tlirough I he vence emm into the right or pulmonic auricle ; and 
hence it passes into the right ventricle (fig. 403, 6), to bo again re- 
turned through ih.e pulmonary artery to the lungs, thus completing the 
circulation. 

(2335.) But although the general arrangement of the circulatory and 
respiratory organs in all Mammals thus in every respect resembles that 
which exists in the human body, there are of necessity variations in 
the distribution of certain parts of the sanguiferous system, adapted to 
the peculiarities of organization presented by the different orders and 
even families of this great class, which must not be wholly passed over 
in silence. 

. (2336.) In the Cetacea, 

for instance, many inter- 
esting circumstances are 
observable in the arrange- 
mentof thovascular system. 

(2337.) In the herbi- 
vorous genera, as for ex- 
ample in the Dugong, the 
two sides of the heart are 
separated to a considerable 
extent by a deep fissure 
(fig. 403, a, /i), so that the 
pulmonary and systemic 
hearts arc much more evi- 
dently distinct viscera than 
they appear to bo in the 
quadrupedal forms ; never- 
theless in the Whalebone 
and Spermaceti Whales the 
heart assumes the usual appearance, and is only remarkable for its 
amazing size; this, indeed, may well have attracted the notice of 
Hunter* while investigating such gigantic beings. '' In our examina- 
tion of particular parts, says that eminent anatomist, “ the size of 
which is generally regulated by that of the whole animal, if we have 
only been accustomed to see them in those which are small or middle- 
sized, we behold them with astonishment in animals so far exceeding 
the common bulk as the Whale. Thus the heart and aorta of the Sper- 
maceti Whale appeared prodigious, being too large to be contained in a 
wide tub, the aorta measuring a foot in diameter. When we consider 
these as appliei to the circulation, and figure to ourselves that probably 
ten or fifteen gallons of blood are thrown out at one stroke, and moved 
with an immense velocity through a tube of a foot in diameter, the 
whole idea fills the mind with wonder.” 

* The Animal CEconomj, bj J. Hunter, with Notes by Professor Owen, p. 366. 


Fig. 403. 



Heart of the Dugong. 
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(2338.) In tho arrangement of the blood-vessels of the Cetacea, 
many interesting peculiarities are met with *. Tho general structure 
of tho arteries, indeed, resembles that of other Mammals, and, whcio 
parts are nearly similar, their distribution is likewise similar. But 
these animals have a greater proportion of blood than any others known ; 
and there are many arteries apparently intended as reservoirs, wherein 
a large quantity of arterial blood may accumulate apptircntly for im- 
portant purposes, where vascularity could not be tho only object. Thus 
the intercostal arteries divide into a vast number of branches, Avhich run 
in a serpentine course between the pleura and the ribs, and penetrate 
the intercostal muscles, cveryAvhero lining the walls of the thorax. 
These plexiform vessels, moreover, pass in between the ribs near their, 
articulation, and anastomose extensively with each other. The medulla 
spinalis is likewise surrounded with a network of arteries in the same 
manner, more especially as it comes out from the brain, where a thick 
substance is formed by their ramifications and convolutions ; and these 
vessels most probably anastomose with those of the thorax. The precise 
function assigned to this extensive plexus of arteries has not been as 
yet satisfactorily determined, although it is doubtless a receptacle wherein 
arterial blood is stored up during the long-continued submersion to which 
these animals are so frequently subjected. 

(233^).) As the Cetacea have no pelvic extremities, the aorta, instead 
of bifurcating into iHac arteries, is entirely appropriated to supply tho 
enormous tail, beneath which it is continued, enclosed in a canal formed 
by tho roots of the inferior spinous processes of the caudal vertebra), 
that arc here again developed as in fishes. 

(2340.) The venous system in the Cetacean order is equally remark- 
able for the plexuses formed by it in different parts of the body ; of 
these, the most important communicates with the abdominal cava, and is 
of immense extent. The veins of these creatures, moreover, are almost 
entirely deprived of valves ; so that every possible arrangement has been 
made to delay tho course of the circulating blood during the temporary 
suspension of respiration that occurs whenever the animal plunges 
beneath the surface of tho water. 

(2341.) In other aquatic Mammals that dive, and are thus subjected 
to prolonged immersion, largo dilatations are found connected with tho 
principal trunks of the venous system in the neighbourhood of tho 
heart, in order to prevent a dangerous distension of those veins while 
the circulation is impeded and respiration put a stop to. This is parti- 
cularly remarkable in the Seal tribe ; and in those Carnivora wo are 
assured by good authorities that it is not uncommon to find the foramen 
ovale of the heart, and the ductus arteriosus^ which in the foetus allows 
blood to pass from the pulmonary artery directly to tho aorta, still open 
even in the adult animal ; but this arrangement, as wo are well satisfied, 
* Hunter, tU supra^ p. 365. 
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is by no means to be regarded as the normal structure of the heart in 
a Seal. 

(2342.) In many of the long-necked herbivorous quadrupeds a pecu- 
liar provision has been made in the disposition of the internal carotid 
arteries, apparently intended to equalize the force of the blood supplied 
to the brain in different positions of the head; for this purpose the 
arteries referred to, just as they enter the skull, divide into several 
branches, which again unite so as to assume a kind of plexiform 
arrangement, forming what is called the rete mirahile of old authors. 
The effect of this subdivision of the main trunk into so many smaller 
channels will evidently bo to moderate the rapidity with which the 
blood would otherwise enter the cranium, and thus preserve the brain 
from those sudden influxions to which it would otherwise bo constantly 
liable. 

(2343.) We must likewise notice a structure, in some respects similar 
to the above, that exists in the arteries both of the anterior and pos- 
terior extremities of the Sloth (Bradypus), In these slow-moving 
animals, the axillary and iliac arteries, just before entering the limbs 
to which they are respectively destined, suddenly divide into numerous 
small channels, which again unite into one trunk before the arteries of 
the member are given off. Ho doubt such an arrangement will very 
materially retard the course of the blood as it flows through these multi- 
plied canals, and perhaps is materially connected with the long-enduring 
strength of muscle that enables these ^creatures to cling without fatigue 
to the branches whereby they suspend themselves. 

(2344.) Innumerable other minor differences in the course and dis- 
tribution of the blood-vessels might of course be pointed out, a few 
of which may require notice elsewhere ; but, generally speaking, the 
arrangement of the vascular system in all quadmpeds is so similar, that 
the anatomical student who may push his researches thus far will never 
be at a loss in identifying the different vessels, and comparing them with 
those found in the human body. 

(2345.) Although the respiration of Mammalia is inferior, as regards 
the extent to which their blood is exposed to the influence of the atmo- 
sphere, to the perfection of this process in Birds, nevertheless such is 
the elevated temperature of the body in these hot-blooded animals, that 
a warm covering of some non-conducting material is hero absolutely 
requisite to retain the vital warmth, and defend them against the ther- 
mometrical changes of the element they inhabit. Their skin is gene- 
rally, therefore, clothed with a warm covering of hair, a cuticular struc- 
ture the natiwo and growth of which it behoves us now to examine. 
We must first, however, notice the organization of the skin itself; and 
then the nature of the various structures employed to defend it will be 
readily understood. 

(2346.) The skin of all Mammals, like that of the human body, con- 
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««to of the ctUlB or Vitsoular tnio skin, of tho q^l,lem!s or ruti.k 
tma of a thm layer ot pigraont interiwswl between tlie two, whieh ia ■[ 
aivoisely-oolouroU secretion deposiU'd, like the cuticle, upon tho surfaci 
of the cutis. 


(2:}47 .) Hio hairs that cover tho quadruped, whatever bo their form 
or thickness, are cylinders of homy or eutieuhir substance, that grow 
upon 80 many minute vascular pulps, from the surface of which the 
corneous material is perpetually secreted. Some kinds of hair arc per- 
manent, and, if constantly cut, 
will continue to grow during 
the whole life of the animal ; 
such is tho hair of Man, an^ 
that which forms the mane and 
tail of the Horse: but gene- 
rally the hair is shed at stated 
periods, to be replaced by a 
fresh growth. For the most 
part these stractures are so 
minute, that the apparatus 
employed in forming them 
escapes observation; but in 
very large hairs, such as those 
that compose the whiskers of 
the Seal, or of the lion, it is not 
difficult to display the organs 
by which they are secreted. 

The appended figure, taken 
from one of the drawings in 
the Hunterian collection, re- 
presents a section of the lip of 
a young lion; and in it all 
the parts connected with the 
growth of the larger haira are 
beautifully displayed. A bulb 
or saccolus, hy an inward refioxion of the cutis (fig. 404, b, e), 

and lined hy a similar inflexion of tho cuticle (/), contains in its fundus 
a vascular pulp {ggg)f well supplied with large vessels and nerves (li). 
It is from tho surface of the pulps ((/), exhibited upon a magnified scale 
at A, that tho homy stem of tho hair is gradually secreted ; and its 
length of course increases in proportion to the accumulation of corneous 
matter continually added to tho root. 

(2348.) Yarious are the appearances of epidermic appendages in every 
way analogous to hair both as relates to their composition and mode of 
growth, and widely different the uses to which they may be converted : 
tho wool of tho Sheep, the fur of tho Babbit, tho spines of the Hedge- 


Fig. 4at. 



Section of tho lip of a young Lion. 
(After Hunter.) 
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hog, the quills of the Porcupine, the scaly covering of the Manis, and 
even the armour lliat defends the back of the Armadillo are all of them 
but modifications of the same structures, adapted to the altered condi- 
tions under whicli the creatures live. Even the horn upon the snout of 
the Rliinoceros is but an agglomeration of hairy filaments, formed upon 
a broad and compound pulp. The nails that arm our fingers and toes, 
th(5 corneous sheath that invests the horns of the Ox and Antelope, 
nay, the hoofs of herbivorous quadrupeds are all epidermic secretions 
from the vascular cutis — or, in other words, are hairs, altered in their 
form and extent according to the exigencies of the case. 

(2349.) Widely different, however, are the so-caUed horns of the 
Deer tribe, which in reality consist of bone, and, being deciduous, have 
to bo reproduced from year to year by a most peculiar and interesting 
process. No sooner docs the return of genial weather again call forth 
the dormant reproductive energies of the system, than the budding 
antlers begin to sprout from the forehead of the Stag, and rapidly ex- 
pand in their dimensions from day to day. On making a longitudinal 
section of the young horn, it is found to be continuous with the os 
frontis, having its outer surface covered with a vascular periosteal 
membrane derived from the pericranium, which in turn is protected by 
a fine velvety skin. Moreover, when a growing antler is injected 
minutely, and its earthy matter removed by means of an aci^ vessels 
derived from the periosteum are found to traverse it in all directions, 
proving its identity with real bone. As growth goes on, the external 
carotid arteries, thus called upon rapidly to furnish a prodigious supply 
of materials, dilate in a remarkable manner, and soon the palm and the 
antlers of the horn have acquired their full dimensions. No sooner is 
this accomplished than a prominent ring or hurt is formed around the 
base, which, projecting outwards, compresses and soon obliterates the 
vessels that have hitherto supplied the growing defences. The circu- 
lation being thus put a stop to, the soft teguments and periosteum 
peel off in strips ; and the bone, denuded of its covering, becomes a 
formidable weapon. 

(2350.) At the close of the breeding-season the removal of the horns 
is speedily effected; the connexion between their bases and the oa 
frontis is gradually weakened by interstitial absorption, until at length 
a slight effort is sufficient to detach the branching honours of the Stag, 
and they fall off, leaving a broad cicatrix ; this soon skins over; and the 
succeeding year calls forth a repetition of tho process*. 

(2351.) Tho Cktacea form a very remarkable group among the hot- 
blooded Mamihifers as relates to the external covering of their bodies. 

* In a pliysiological point of view this rapid production of osseous matter is truly 
wonderful. Tlie liorns of the Wapiti Deer, thus annually reproduced, will weigh 
upwards of thirty pounds ; and in tho fossil Irish Elk the weight of these deciduous 
defences must have boon greater than that of the entire skeleton. 

3f2 
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No covering of hair or wool would have been efficient in retaining the 
vital heat under the circumstances in which these creatures live ; and 
even if such clothmg could have been made available, it would have 
seriously impeded their progress through the water. Another kind of 
blanket has therefore been adopted : — the cuticle is left perfectly smooth 
and polished, without any vestige of hair upon its surface ; but, be- 
neath the skin, fat has been accumulated in prodigious quantities ; and, 
enveloped in this non-conducting material, the Wlialcs are fully i)re- 
pared to inhabit an aquatic medium, and to maintain their temperature 
even in the Polar Seas. 

(2352.) The skin of all quadrupeds contains innumerable secerning 
follicles, whereby lubricating fluids arc continually furnished for the 
purpose of maintaining the surface in a moist or supple condition ; but 
not unfrequcntly these glandular follicles are aggregated together in 
considerable numbers, so as to form secreting pouches. In many species 
of Stags and Antelopes, for example, large pouches of this description 
arc found below the margin of the orbit, that furnish a secretion vul- 
garly regarded as the Stag’s tears.” In most instances some of tho 
cutaneous glands secrete a highly odorous material, especially in the 
vicinity of the parts of generation; and their secretion being most 
abundant during the rutting season, it is not without reason that these 
organs ye looked upon as destined to attract the sexes, and perhaps to 
stimulate the sexual passions. The preputial glands^ so called because 
they furnish an odoriferous flui^ that lubricates the prepuce and glans 
of the penis in the male, and of the clitoris in the female, are of this 
kind *. For the most part, these are simple sebaceous follicles con- 
tained in the thickness of the prepuce ; but occasionally they are re- 
placed by true conglomerate glands, formed of lobes and lobules, and 
having but a single excretory duct, that opens upon the sides of the 
glans^ penis or cUtoridis beneath tho prepuce. Many of the Bodentia 
are furnished with glands of this description, and they are situated on 
each side of the penis, immediately beneath the skin that covers the 
pubic region. 

(2353.) It is with the preputial glands that we must notice the still 
more elaborately-developed secreting organs of the Beaver, that furnish 
the drug called castor.’^ These organs, represented in the annexed 
figure (fig. 405), consist of large glandular pouches that discharge 

their contents in the vicinity of the anal and preputial apertures *, but 
of what importance tho material thus abundantly secreted may be in 
the economy of tho animals so provided, it is nof easy to conjecture. 

(2354.) The secreting apparatus of the Musk Deer (Moschm moschi- 
ferus)f which produces musk, is of analogous conformation. This is an 
oval pouch situated beneath the skin of the lower part of the belly : its 
walls are thin, and apparently membranous; but the membrane that lines 
* Cuvier, Lemons d’Anat. Comp. v. p. 252 et seq. 
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thorn is rugose and plicated. The orifice leading to this pouch is small, 
and opens in front of the prepuce. 

Fig. 405. 



Sexual organs of male Beaver. 

(2355.) Lastly, in connexion with these odoriferous glands we may 
mention the ‘‘temporal glands” of the Elephant, from the duct of 
which, situated on each side midway between the eye and the ear, there 
flows a viscid and fetid liquid ; and likewise the “ anal glands ” met 
with in most Carnivora.. The ducts of the glands last mentioned open 
near the margin of the anus ; and in some genera, as the Skunk and 
the Polecat, the stench produced by the fluid poured from these sources 
is so intolerable as to become a most efficient defence against a foreign 
enemy. 

(2356.) We now come to consider the nervous system of the Mam- 
malia, and are of course prepared to anticipate that in pTQipotft.on aa 
they surpass all other animals in intelligence, so will the encephalic 
masses assume a complexity and perfection of structure such as we 
have not hitherto witnessed in the whole series of the animal creation. 
Their senses likewise may be presumed to have attained the utmost 
delicacy of organization, in correspondence with the exalted attributes 
conferred upon this important class, and consequently to exhibit append- 
ages and accessory parts adapting them most accurately to repeat to the 
sensorium impressions derived from without. 

(2357.) Abstruse as the study of the brain has been rendered by the 
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chaot^ assemblage of names applied by the earlier anatomists, in their 
bewilderment, to every definable portion of its substance, we have little 
doubt that, when the grand laws that have hitherto guided us in in- 
vestigating the nen^ous system of the lower animals are had recourse 
to, the student will soon perceive how little difiiculty there is in com- 
paring even the brain of Man with the encephalon of the humbler 
Vertebrata examined in preceding pages, and thus tracing the pro- 
gressive advances from simple to more complex organization. 

(2358.) The great lessons deduciblo from all that we have as yet seen 
relative to the essential organization of the nervous system are obvious 
enough. First, that all nerves, whether connected with sensation or 
the movements of the body, emanate from or are in communication with 
nervous masses called ganglia, which are, in fact, so many brains pre- 
siding over the functions attributable to the individual nerves. Secondly, 
that in the lower animals where these ganglia exist, they are com- 
paratively small, and more or less completely detached from each other ; 
but that in the Vertebrata such is the increased development of the 
central masses of the nervous system, that they coalesce, as it were, 
into one great organ called the cerehro-spinal axis ; and thus that the 
encephalon and medulla spinalis are both made up of symmetrical pairs 
of gangUa appointed to different functions, but so intimately blended 
together that they are no longer distinguishable, except from the pairs 
of nerves* with which they arc connected. 

(2359.) Taking the above for axioms (and they are incontrovertible), 
let us proceed to analyse the cerebro-spinal axis of the Mammalia, and 
to compare it in simple terms with that of Birds, Eeptiles, and Fishes 
already examined. 

(2360.) Commencing at the anterior extremity of the series, the first 
encephalic masses that present themselves are the “ olfactory nerves,'^ as 
the human anatomist has been pleased to call them, although in every 
one of the details connected with their anatomical structure and rela- 
tions they confessedly differ from every nerve in the body. They arc, in 
truth, not nerves at all, but brains — ^the ganglia or brains of smell, 
from which the oKactory nerves, properly so called, invariably emanate. 
In Fishes (§ 1802) they were foimd to equal or even to surpass in size 
the hemispheres themselves. In Eeptiles and Birds they became gra- 
dually concealed by the development of the hemispherical masses ; and 
in the Mammalia such is their diminutive appearance, when compared 
with the cerehrumy that they are scarcely recognized as elements of the 
encephalon at all. 

(2361.) In all the oviparous Vertebrata the nerves of snlell were two 
simple cords, one derived from each of the olfactory ganglia, from which 
they proceeded through osseous canals to the nose. But in the Mam- 
mifers these nerves are extremely numerous, in proportion to the extent 
of the surface to be supplied, and escape from the skull through the 
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cranial plato of the ethmoid bone, which, from tho number of apertures 
that it offers for their passage into the nose, richly merits tho name of 
‘‘ cribriform/^ more especially in the carnivorous quadrupeds possessed 
of the most acute smell. 


Fig. 406. 



Olfactory apparatus of the Lion. 


(2362.) The interior of the nasal cavity is divided by a medira septum 
into chambers, in each of which a very large surface is produced by 
the complicated convolutions of the thin nasal plates of tho ethmoid 
(fig. 406, «), and of tho inferior turbinated hone (6), over which the air 
is made to pass in its progress to the lungs before it arrives at the 
posterior naros (c). The whole of this complication of bony lamellse is 
covered with a delicate and highly-lubricated mucous membrane, wherein 
the olfactory nerves terminate ; and from the figure given, representing 
the left nasal cavity of a Lion, some idea may be formed of tbc acuteness 
of the sense in question conferred upon the predaceous Carnivora. 

(2363.) With this perfection of the olfactory sense a corresponding 
mobility of tho outer nostrils is permitted to the Mammiferous races. 
In the Reptiles and Birds tho external apertures leading to the nose 
were merely immovable perforations in the homy or scaly covering of 
the upper mandible j but now the nostrils become surrounded with 
moveable cartilages and appropriate muscles, adapted to dilate or con- 
tract the passages leading to tho nose, or even to perform more im- 
portant and unexpected duties, as, for example, in the proboscis of tho 
Elephant. 

(2364.) Ttfe Cetacea, as regards the conformation of their nostrils, 
and indeed of the whole of their nasal apparatus, form a remarkable 
exception to the above description. Inhabiting the water as those crea- 
tures do, they are compelled to breathe atmospheric air. Are they, 
then, to smell through the intervention of an aquatic or aerial medium ? 
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To smell in water would require the nose of a fish, which could not bo 
granted without infringing upon the laws that regulate the progression 
of animal organization. To smell in air would be useless to the Whale ; 
and moreover its nasal passages arc required for another function, with 
which the exercise of smell would apparently be incompatible. 

(2365.) Thus circumstanced, we find the whole nasal apparatus com- 
pletely metamorphosed, and so disposed as to answer two important 
purposes: viz. first, to allow the Cetacean to breathe air whilst its 
mouth is immersed in water ; and second, to provide an outlet whereby 
the water that is necessarily taken into the mouth may escape without 
being swallowed. 

(2366.) The arrangement adopted to attain both these ends is very 
beautiful. The nostrils, instead of occupying their usual position, are 
situated quite upon the top of the head (fig. 407, a ) ; so that as soon as 
the vertex reaches the surface, air is freely obtained. But another 
difiiculty remains to be overcome : how is the Cetacean to breathe air 
while its mouth is full of water ? 

(2367.) To allow this, the upper extremity of the larynx is prolonged 
so as to form a thick cartilaginous plug (c). When the creature breathes, 
this elongated larynx is introduced into the posterior nares, as repre- 
sented in the figure ; and, being firmly embraced by a sphincter muscle 
whilst in that situation, the air is admitted into the trachea through the 
passage8*(a,5), without ever entering the oral cavity. 


Fig. 407. 



(2368.) It only remains to be seen how the Cetacean gets rid of the 
water taken into the mouth, without being obliged to swallow it ; and 
the same figure, representing a vertical section of the head of a Porpoise, 
will enable us to understand the mechanism whereby this is accom- 
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plLshed. The two canals forming the posterior nares (h) arc defended 
superiorly hy a fleshy valve*, which is closed by means of a very strong 
muscle placed above the intermaxillary bones. To open this valve the 
force must be npplic'd from below ; and when the valve is shut, all com- 
munication is cut off between the posterior nares and the capacious 
cavities placed above them. 

(2369.) These cavities arc two large membranous pouches lined with 
a black skin, which, when they are empty, as represented in the figure, 
falls into deep folds ; but, when full, the walls are distended so as to 
form capacious oval receptacles. Externally these chambers are enve- 
loped by a very strong expansion of muscular fibres, by which they can 
be violently compressed. 

(2370.) Let us now suppose that the Cetacean has taken into its 
mouth a quantity of water that it wishes to expel: it moves its ton^o 
and its jaws as though it would swallow ; but, at the same time, closing 
its pharynx, the water is forced upwards through the posterior nares (6), 
till it opens the interposed valve and distends the pouches placed 
above. Once in. these reservoirs, the water may remain there until the 
creature chooses to expel it, or, in 
other words, '' to blow.’' In order to 
do this, the valve between the pouches 
and the posterior nares being firmly 
closed, the sacs are forcibly com- 
pressed by the muscles that embrace 
them, and the water is then spouted 
up through the << blow-holes,” or nos- 
trils, to a height corresponding to the 
violence of the pressure. 

(2371.) It must be evident that 
it would be impossible that a nose, 
through which salt water is thus con- 
tinually and violently forced, could be 
lined with a Schneiderian membrane 
of sufficient delicacy to be capable of 
receiving odorous impressions. In 
the Cetaceans, therefore, the nerves 
of smell, and even the olfactory lobes 
of the brain, are totally deficient, 

(2372.) The second pair of ganglia entering into the composition of 
the encephalon, and giving origin to nerves, are the optic lobes, from 
which are derived the nerves of vision. In the Fish and in the Reptile 
these were at once recognizable as primary elements of the brain ; but 
in the Mammifer, owing to the excessive development of the surround- 
ing parts, they are quite overlapped and concealed by the hemispheres. 

* Cuvior, Lemons d’Anat. Comp. ii. p. 673. 


Fig. 408. 



Brain of the Babbit. 
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Nevertheless the tuhercula quadrigemina (fig. 408, d d) occupy the same 
relative position as in the Tortoise {vide fig. 348, b, c, e), and in like 
manner still give origin to the nerves appropriated to the instruments of 
sight, of which they are the proper ganglia. 

(2373.) The two optic nerves, before passing to their final destina- 
tion, partially decussate each other, as in the human subject ; they then 
proceed forward into the orbit, and, penetrating the globe of the eye, 
expand into the retinae . 

(2374.) Minutely to describe the construction of the eyeball in the 
Mammalia would be quite superfluous, seeing that in every essential 
particular it exactly corresponds with that of Man. The disposition of 
the sclerotic and choroid coats, the structure of the cornea, the arrange- 
ment of the humours and of the retina, the organization of the iris — in 
short, the whole economy of the eye is the same throughout the entire 
class. Nevertheless there are a few points of secondary importance 
deserving our attention, whereby the organ is adapted to peculiarities of 
circumstances in which different tribes are placed. 

(2375.) In the Cetacea, and also in the amphibious Carnivora that 
catch their prey in the water, the shape of the lens is nearly spherical 
as in Fishes ; and the antero-posterior dia- 
meter of the eye is in consequence consider- Fig. 409. 

ably diminished by the extraordinary thick- 
ness of file sclerotic at the posterior aspect of 
the eyebdl, — an arrangement Approaching 
very nearly to that already described (§ 1809). 

(2376.) Instead of the dark-brown paint 
which linos the choroid of the human eye, in 
many Mammals the Buyschian tunic secretes 
a pigmentum, of various brilliant hues, that 
shines with metallic splendour. This mem- 
brane, called the “ tapetum,^^ partially linos 
the bottom of the eyeball; but its use has not 
as yet been satisfactorily pointed out. 

(2377.) The shape of the pupil likewise 
varies in different quadrupeds ; for the most 
part, indeed, the pupillary aperture is round, 
as it is in Man ; but in Buminants, and many 
other Herbivora, it is transversely oblong. 

In the Cate {Mlida), that hunt in the gloom, struoture of the eye. 
and consequently require every ray of light 

that can be made available, the pupil is a long vertical fisshre : but this 
only obtains among the smaller genera ; for in those Feline Carnivora 
that surpass the Ocelot in size, such as the Leopard, the lion, and the 
Tiger, the pupil again assumes a round form. 

(2378.) The eyes of Mammalia are lodged in bony orbits, as in the 
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oviparous Vertcbrata, and in like manner are supported in their move- 
ments by a quantity of semifluid fat, with which the orbital cavities are 
filled up. In Man, as in Birds, Reptiles, and Fishes, six muscles are 
appropriated to the movements of each eyeball, viz. four recti and two 
ohUqui, The four recti muscles have the same disposition in Mammalia 
as in Birds ; that is, they arise from the margin of the optic foramen, 
and run forward to be inserted opposite to each other upon the superior, 
inferior, and lateral surfaces of the sclerotic coat. The infenor oblique 
likewise offers a similar arrangement in all the Vertebrata, arising from 
the margin of the internal wall of the orbit, and running outwards to be 
attached to the external surface of the globe of the eye. But the m/pe^ 
rior oblique, in the class before us, takes a very peculiar course. Arising 
like the rest, it passes forward to the upper and inner margin of the 
orbit, where its tendon is reflected over a little cartilaginous jmlley 
(fig. 410, c), and turns back again to be inserted into the external and 
posterior aspect of the eyeball. 


Fig. 410. 



Muscles of the eyeball. 

(2379.) In addition -to the six muscles appointed for the movements 
of the eye in Man and the Quadrumana, other Mammalia have a 
seventh, called the choanoid or funneUsha'ped mm\e. This 
arises from the borders of the optic foramen, and, gradually expan&ig, 
forms a boBow cone interposed between the recti muscles and the optic 
nerve, the base*of the cone being attached to the sclerotic behind the 
insertion of the recti. Frequently, indeed, this clwanoid or suspensory 
muscle is divided into four portions, in which case the animals so pro- 
vided would seem to have eight recti muscles. 

(2380.) The eyelids of Mammalia resemble the human in every 
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respect, excepting that in the lower orders a remnant of the nictitating 
membrane is still met with ; but it is of small dimensions, and unpro- 
vided with muscles. 

(2381.) The lacr}Tnal apparatus exists in all quadmpeds ; and the 
lacrymal gland occupies the same situation as in Man, the tears being 
poured on to the conjunctiva near the external canthus of the eyelids. 
The lacrymal ducts, likewise, whereby the tears are conveyed into the 
nose, so nearly resemble the human as to require no particular descrip- 
tion. The carunmlce lacrymales are also met with at the inner canthus 
of the eyelids. In some quadrupeds, indeed, an additional gland exists, 
called the ghndula Harden ; this is situated behind the internal angle 
of the eye, and secretes a lubricating fluid, that is discharged beneath 
the rudiment of the third or nictitating eyelid. 

(2382.) In Whales, as might be expected from their aquatic habits, 
no vestige of a lacrymal apparatus is to bo seen. 

(2383.) Behind the optic hbes of the encephalon the nervous centres, 
from whence the other cerebral nerves take their origin, are so inti- 
mately blended together that the anatomist is no longer able to distin- 
guish them from each other. They form, in fact, the ** medulla oh- 
hngatay^ and are the commencement of that long series of sentient and 
of motor ganglia that forms the spinal cord, 

(2384.) All the nerves derived from the medulla oblongata and from 
the spinal cord are throughout the Mammiferous class exactly com- 
parable to those met with in our’bwn species, and therefore will require 
but brief notice. 

(2385.) The thirdy fourth, and siceth pairs are destined to the muscles 
of the eye, and their distribution is the same as in Man. 

(2386.) The fifth pair, or trigeminal nerves, consist of both motor 
and sentient fasciculi, both of which uro distributed to the different parts 
of the face exactly as in the human subject, allowance of course being 
made for the varying form of the jaws, and for the proportionate size of 
the different organs connected with mastication. 

(2387.) The seventh, or facial nerve, as also the glosso-pharyngeal, 
the pneumogastric, and the lingual, have the same origin and general 
distribution throughout the whole class. 

(2388.) The eighth pair of nerves are here, as in all the Vertebrata, 
devoted to the sense of hearing, which in the Mammifera attains its 
highest development and perfection. The sensitive portion of the auditory 
apparatus, or the internal ear, is now enclosed in the petrous portion of 
the temporal bone, and imbedded in osseous substance of such stony 
hardness that, except in very young subjects, it is by no’ means easy to 
display its different parts. 

(2389.) As in Fishes and Keptiles, it consists of several membranous 
chambers or canals, filled with a limpid fluid, over which the filaments of 
the auditory nerve spread out. The whole apparatus, indeed, except in 
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its proportionate size, very accurately resembles the auditory organ of 
the lower Vertebrata. The semidrcular canals exhibit nearly the same 
arrangement, and in like manner communicate with the vestibule by five 
orifices. The vestibule itself is small, and no longer contains any chalky 
concretions : it communicates on the one hand with the cavity of the 
tympanum, by means of the foramen ovale ; and on the other sends off 
a canal (scala) to form the cochlea, an organ which in the Mammifer 
assumes its full development and perfection. 

(2390.) In Reptiles and Birds, as the reader will remember, the cochlea 
was a simple canal bent upon itself (fig. 367, e), one end of which (scala 
vestihuli) opened into the vestibule, while the other (scala tympani) 
terminated at the tympanic cavity, from which it was separated by the 
membrane of the fenestra rotunda ; but in the Mammalia the two scalas 
of the cochlea are considerably elongated, and wind in a spiral direction 
around a central axis (Tnodiolus), so as very accurately to resemble the 
whorls in the shell of a snail, whence the name of the organ is derived * . 

(2391.) It is in the increased complexity of the cochlea, therefore, 
that the chief character of the labyrinth of the Mammal consists. But 
in the tympanic cavity the differences between the Mammiferous ear 
and that of the Bird are still more striking and decided. 

(2392.) The cavity of the tympanum in the class before us is very 
extensive, and not unfrcquently its extent is consifieTaiAy 
the addition of capacious mastoid cells. By means of the Rr&tachian 
tube it communicates freely with the throat. Upon its inner wall it 
offers the fenestra ovalis and the fenestra rotuiula, closed by their 
respective membranes ; and externally is the membrana tympani, the 
vibrations of which are to be conveyed to the labyrinth. 

(2393.) In Reptiles and Birds the communication between the drum 
of the ear and the membrane of the fenestra ovalis was effected by the 
interposition of a single ossicle, called the columnella f but in Mammals 
a chain of four ossicles, named respectively the malleus, the incus, the 
os orhiculare, and the stapes, intervenes between the labyrinth and the 
membrana tympani : these ossicles, both in their disposition and con- 
nexions, are precisely similar to those of Man, and, moreover, arc acted 
upon by little muscles in every respect comparable to those of tho 
human subject. • 

(2394.) However remote the structure of the tympanic chain of 
ossicles in the Mammal may appear to be from that of the simple 
columnella of the Bird, it is interesting to see how gradually the trans- 
ition is effected from one class to another even in this particular of their 
economy ; for*in the Ornithorhynchus, the Echidna, and the Kangaroo, 

* In Man, and by far the greater number of Mammals, the scalne of the cochlea 
make two turns and a half around the modiolus ; but in a few Rodent quadrupeds, 
as for example in tho Guinea Pig, the Cavy, and tlie Pftreupino, there arc as many 
as three turns and a half. 
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SO bird-liko is the form of the stapes, that it might easily be mistaken 
for the ossicle of one of the feathered tribes *, and every intcrmediat(' 
shape is met with as we advance from this point towards the stirrup- 
shaped bone of the most perfect quadrupeds. 

(2395.) It is in the class under consideration that for the first time 
an external ear properly so called makes its appearance ; for the fea- 
thered appendages of the Owl or of the Bustard (§ 2089) are scarcely 
entitled to such an appellation. In the Mammifora, however, with a 
very few exceptions, such as the Cetacea, Moles, and the Seal tribe, a 
moveable cartilaginous concha is appended to the exterior of the head, 
adapted by its form and mobility to collect the pulses of sound and 
convey them inwards towards the drum of the ear. The basis of this 
external auricle is composed of fibro-cartilage covered with a delicate 
skin, and its cavity is moulded into various sinuosities, so disposed, no 
doubt, as to concentrate sonorous impressions. In Man, as the ana- 
tomist is aware, numerous small muscles act upon the auricular carti- 
lages ; but in quadrupeds possessed of moveable ears the number and 
size of these muscles are prodigiously increased, and the cars are thus 
directed with facility in any required direction. 

(2396.) More minutely to describe the structure of the auditory 
apparatus in the Mammiferous class would bo foreign to our present 
purpose j nevertheless we must not omit to notice one most remarkable 
provisicfii whereby the Whales, strangely circumstanced as those crea- 
tures are, are permitted to hear either through the medium of the air 
they breathe, or of the water in which they pass their lives. The reader 
win at once appreciate the difficulties of tho case : tho ear of a fish, 
without any external communication, although best adapted to receive 
the stunning concussions convoyed through tho denser clement, could 
never appreciate the more delicate vibrations of the air ; and the ordi- 
nary Mammiferous ear would be perpetually deafened by the thundering 
of the water. How is the Whale to hear what is going on in cither tho 
sea or the atmosphere ? 

(2397.) Tho plan adopted is simple and efficacious ; — ^The external 
meatus of tho ear is reduced to the smallest possible diameter, the canal 
being barely wide enough to admit a small probe : this is the hydro- 
phonic apparatus, and is all that is exposed for the reception of aquatic 
sounds. Tho Eustachian tube, on the contrary, is very largo, and opens 
into the blow-hole through which the Whale respires atmospheric air : 
if, therefore, the Cetacean comes to tho top of the water to breathe, it 
is the Eustachian tube that conveys aerial sounds to tho ear. And thus 
it hears sufficiently under both conditions. 

(2398.) So far, as tho student will have perceived, tho different 
portions of tho encephalon to which we have adverted correspond most 

^ Vide Sir Anthony Caflisle “ On the Physiology of the Stapes^ Phil. Trans, 
for 1805. 
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exactly to similar parts met with even in the brain of a reptile. 'Where, 
then, are wo to look for those grand differences whereby the Mammi- 
ferous brain is peculiarly characterized ? The peculiarities of the brain 
of a Mammal are entirely due, first, to the increased proportional deve- 
lopment of the cerebral hemispheres ; and secondly, to the existence 
of lateral cereboUic lobes, in connexion with both of which additional 
structures become requisite. 

(2399.) In those Marsupial tribes that form the connecting links 
between the Oviparous and Placental Yertehrata, the hrain still ex- 
hibits a conformation nearly allied to that of the Bird, and the great 
commissures required in the more perfect encephalon are even yet defi- 
cient; but in the simplest brain of a Placental Mammifer the charac- 
teristic differences are at once apparent. 

(2400.) In the Babbit, for example (fig. 408), the cerebral hemi- 
spheres (b) are found very ma- 
terially to have increased in 
their proportionate dimensions ; 
and although, oven yet, con- 
volutions upon the surface of 
tho cerebrum are scarcely in- 
dicated, additional means of in- 
tercommunication between th 
hemispheric masses become in- 
dispensable. The corpus caU 
losurrif therefore, or great trans- 
verse commissure of the hemi- 
spheres (fig. 408, o), is now 
superadded to those previously 
in existence ; while other me- 
dullary layers, called by various 
ridiculous names, bring into 
unison remote portions of the 
cerebral lobes. 

(2401.) In proportion as in- 
telligence advances, the surface 
of the cerebral hemispheres, becoming more extensive, is thrown into 
numerous convolutions separated by deep sulci ; until at length in the 
Carnivora, as, for instance, in tho lion (fig. 411), the cerebnim {e e) 
attains such enormous dimensions that tho other elements of the en- 
cephalon are, as it were, hidden among its folds. 

(2402.) Bu4s, in addition to this increased complexity of tho cere- 
brum, tho cerebellum likewise has assumed a proportionate importance. 

In tho Oviparous races this important element of the brain consisted 
only of the mesial portion, so that no corebellic commissure was requi- 
site : but in the Mammal it exhibits in addition two largo lateral lobes 


Fig. 411. 


a, at 
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(fig. 411, c c); and coexistent with these the Varolii {d) makes its 
appearance, embracing the medulla oblongata and uniting the opposite 
sides of the cerebellum. 

(2403.) The structure of the sphial cord and the origins of the spinal 
nerves throughout all the Mammalia are precisely similar, and exactly 
corresj)ond with what occurs in the human body ; neither does the ana- 
tomical distribution of the individual nerves derived from this source 
require any special notice, since, generally speaking, it differs in no 
important particular from the arrangement with which every anatomist 
is familiar. 

(2404.) The sense of touch in Mammalia is diffused over the whole 
surface of the body, — ^its perfection in different parts being of course 
influenced by the nature of the integument, and the number of sentient 
nerves appropriated to any given region. All the nerves derived from 
the sensitive tract of the spinal medulla, and the three divisions of the 
fifth pair of encephalic nerves, are equally susceptible of tactile im- 
pressions ; so that, in a class so extensively distributed as that before 
us, we need not be surprised to find a special apparatus of touch deve- 
loped in very different and remote parts adapted to particular exigen- 
cies. Thus the whiskers of the Seal and of nocturnal Carnivora, the 
lips of .the Horse, the trunk of the Elephant, the hands of Man, the 
hind feet of the Quadrumana, and even the extremity of the tail where 
that or^an is prehensile, are all in turn made available as tactile instru- 
ments, and exercise the sense in, question with the utmost delicacy. 

(2405.) In the Bats, where the sense of vision becomes inadequate 
to guide them through the dark recesses where they lurk, that of touch 
assumes its utmost development, and every part of the body that could 
by possibility be furnished with it has been abundantly provided for in 
this respect. Hot only is the broad expanse of the wing acutely sensible, 
but the very ears have been converted into delicate feelers ; nay, from 
the tip of the nose in some species, membranes of equal sensibility have 
been largely developed ; so that the Bats, as was ascertained by Spallan- 
zani, even when deprived of sight and hearing, will fly fearlessly along, 
and avoid every obstacle with wonderful precision, guided apparently 
by the sense of touch alone. 

(2406.) The sympathetic system of the Mammifera differs in no im- 
portant particular from the human, the arrangement of the ganglia and 
the distribution of the plexuses being in all respects the same. 

(2407.) In the conformation of the genito-urinary apparatus in 
Mammalia the physiologist will find many circumstances of extreme 
interest. 

(2408.) Even in Birds, as the reader will remember, the secretions 
of the testes and of the kidneys were both poured into the common 
cavity of the cloaca, and discharged through the anal orifice. No 
bladder was provided for the reception of the urine; and a simple, 
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grooved, but imperforate penis, oven where that organ was most fully- 
developed, was sufficient for the purpose of impregnation. 

(2409.) Widely different, however, is the arrangement of the male 
genito-urinary system in the class we are now considering. The cloacal 
cavity is no longer met with, the terminations of the rectum and of the 
sexual ducts being now remotely separated ; the penis is traversed by a 
complete urethral canal, through which the seminal fluid is forcibly 
ejaculated ; and moreover, subsidiary glands not mot with in any of 
the preceding classes add their secretions to that of the testes, and thus 
facilitate the intromission of the fecundating fluid. A urinary bladder 
is now BUperadded to the renal apparatus, wherein the urine is per- 
mitted to accumulate in considerable quantities, prior to its expulsion 
through the urethra — the excretory duct common to both the urinary 
and generative organs. 

(2410.) Not less remarkable are the corresponding changes observable 
in the disposition of the female reproductive organs. The Mammifers 
are appointed to bring forth living young; a uterine receptacle is 
therefore necessarily provided for the reception of the foetus, and mam- 
mary glands are given to support the tender oflfepring during the earlier 
portion of its existence. But the history of these organs cannot be laid 
before the reader at a glance, and we must therefore patiently'trace out 
their development stop by step, and gradually ascend from the Ovipa- 
rous typo up to the most complete forms of the genito-urinary system. 

(2411.) Commencing with the urinary apparatus, the first parts that 
offer themselves to our notice are the kidneys, the ureters, and the 
bladder, in describing which the same lemaiks wiXlhe iewwV 
to both sexes. j 

(2412.) The Iciclneys in all the Mammiferou® orders occupy a similar 
position, being situated in the loins, on each side of the aorta, from 
whence they receive a copious supply of arterial blood by the renal 
arteries, which, after having supplied the urinary secretion, is returned 
to the circulation by the emtHgerd veins that empty themselves into the 
inferior cava. 

(2413.) As relates to their intimate structure, the kidneys of all 
quadrupeds are essentially similar to those of our own species, each of 
these organs being (X)mposed of uriniferous tubules of extreme tenuity 
that terminate in central papillae from which the urine flows. These 
tubules, as they advance into the medullary substance of the kidney, 
bifiircate again and again, until they arrive at the cortical or external 
portion, where they spread out on all sides, and, becoming exceedingly 
flexuous, ar(f inextricably intervolved among each other, so that the 
entire cortex is composed of their gyrations. At last all the uriniferous 
vessels terminate in blind extremities, and, according to Miillcr *, have 
no immediate communication with the vascular system. 

* De Glandularum Striictimi, p. 1(12. 
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(2414.) In form the kidneys of Mammals more or loss resemble the 
human ; but there is one important circumstance observable in many 
tribes, which is well calculated to show that these orp:ans, oven when 
tliey appear most simple, arc in reality formed by tlio coalescence of 
several distinct glands. In the human foetus the kidneys present a 
lobulated ai)pcaranco ; that is to say, they are evidently composed of 
numerous divisions, each ha'S'ing the same structure ; but in the adult 
the linos of demarcation between these lobes bcc.ome entirely obliterated. 
In many genera, however, this division into lobes remains permanent 
during the whole lifetime of the creature : such, for example, is re- 
markably the case in amphibious Carnivora, as the Otter and the Seal 
tribes, and still more strikingly in the Cetaceans, wdierc the kidneys 
arc not inaptly comparable to large bunches of grapes. But whatever 
the form of the organ, or the number of lobules entering into its com- 
position, the urine secreted by each kidney is received into a common 
excretory duct called the ureter y and is thus conveyed into the bladder 
prepared for its reception. 

(2415.) The urinary bladder exists in aU the Mammalia, and receives 
the ureters by valvular orifices in precisely the same manner as in the 
human subject. In the male its excretory duct, the urethra, is common 
to the urinary and generative systems, and terminates at the extremity 
of the penis ; but in the female the urethral canal is of much simpler 
structure^ opening by a distinct orifice into the vulva *. 

(2416.) We have preferred laying before the reader the above general 
view of the urinary system of Mammalia to noticing in detail those 
varieties that occur in the disposition of the bladder and urctlira of 
some of the lower tribes, in conformity with the different types of 
organization presented by their sexual organs; these, however, must 
not be lost sight of in following out the development of the reproductive 
apparatus, from the oviparous races to the most perfect and highly- 
gifted members of the animal creation. It is to this important subject 
that we must now invite the attention of the reader. 

(2417.) The oviparous Vertebrata lay eggs, and their young are per- 
fected without further nourishment derived from the maternal system 
than is contained within the egg itself. In our own species, and 
throughout all the races of Mammalia found on the, European continent, 
the females produce their young alive and fully formed, capable of in- 
dependent existence, but, nevertheless, nourished for a considerable 
period by milk derived from the breast of the mother. The distinction, 
therefore, between an oviparous and a viviparous creature would appear 
to be sufficiently broad, and the physiological relations betv. een them as 
remote as possible. 

(2418.) The student, however, who has followed us thus far through 

* The Lemur and the Mole form remarkable exceptions ; for in tlicse creatures the 
female urethra traverses the clitoris precisely as in the other sex. 
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tho long series of living beings that have successively presented them- 
selves to our notic(i must naturally expect that, between animals so 
dissimilar in their economy as the Bird and tho Mammal, intermediate 
typos of organization must occur, and that tho transition from one to 
the other is here, as elsewhere, gradually accomplished. 

(241 9.) In this respect his expectations will bo by no means disap- 
pointed. The Oniitliorlujncliiis paradoxus and the Echidna, animals 
met with only in tho continent of New Holland, are most obviously 
conneding links between these two grand classes ; and, therefore, it is 
with the history of these strange animals that wo must commence our 
examination of the Mammiferous generative system. 

(2420.) The Ornithorhynchus paradoxus 
well deserves the specific epithet applied *^^2. 

to it by zoologists. It has, indeed, the 
form of a quadruped, and its body is 
covered with hair, and not with feathers ; 
but its mouth is the beak of a duck ; and 
upon its hind feet, which are broadly 
webbed, the male carries a spur not unlike 
that of a barn-door fowl. Having tho 
beak of a bird, how is the creature to 
suck? Nevertheless the females have 
mammary glands well developed, but de- 
stitute of prominent nipples ; so that the 
mode in which tho young animal obtains 
the milk provided for it is even yet a 
puzzling question. Does the Omithorhyn- 
chus lay eggs ? or produce living young 
ones ? This is a query that has not been 
satisfactorily answered ; and its generative 
apparatus is so nearly related to that of 
an oviparous animal that oven anatomy 
throws but little light upon the subject. 

(2421.) Both in the male and female 
there is, in fact, but one vent, that leads 
to a cloacal chamboi; resembling that of a 
bird; and the entire organization of the 
sexual organs is rather that of an egg- 

laying than of a viviparous creature, as Male penprative organs of 

... , • j j. p ji /* n • 1 j -7 Ornithorhynchua paradoxus. 

Will be evident from the following details 
respecting tlfem. 

(2422.) The penis of the male Ornithorhynchus is perforated hy a 
urethral canal, through which the semen passes, hut not the urine \ its 
extremity, moreover, is terminated by two tubercles, giving it almost 
a bifid appearance. This penis, when in a relaxed state, is lodged in a 

3 o 2 
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little pouch in the floor of the cloaca, from which it projects when 
erected. 

(2423.) The cloacal cavitj’, as in birds, p:ivos passage to the faoces and 
to the urine. The testes (fig. 412, a) and the vasa deferentia (h) re- 
semble those of an oviparous animal ; but, on the other hand, there is 
a complete urinary bladder (c), and moreover a pair of auxiliary(Coje^er’s) 
glands (d d), organs never met with except in the Mamraiferous class. 

(2424.) The anatomy of the female organs is not less singular. The 
ovaria (fig. 414, a a) are large and racemose, like those of a bird ; while 
the two oviducts or uteri (fig. 413, a a), as the reader may choose to call 
them, open into the cloaca 
by two distinct orifices (c c), 
situated on each side of the 
urethra, derived from the 
bladder (b). 

(2425.) It is to Professor 
Owen that science is indebted 
for all that is known relative 
to the anatomy of the female 
Omithorhynchus when in a 
gravid state j and his re- 
searches upon this subject ap- 
pear to elitablish the follow- 
ing interesting particulars : — 

First, that the ovaria, not- 
withstanding their racemose 
appearance, exhibit all the 
essential characters of the 
M:ammiferou8 type of struc- 
ture ; and corpora lutea were 
formed where the reproduc- 
tive germs had escaped from 

them. Secondly, that the Generative organs of femalo Omi/AorA^ncAiw 

eggs contamed in the uterine 

cavities (fig. 414, c, e) had no connexion whatever with the walls of the 
uterus. Thirdly, that each ovum exhibited the usual parts of an egg, 
m. the cortical membrane, the albumen, and the yelk ; and that upon 
the latter a memhrana vitdli and the blastoderm or germinative mem- 
brane wore plainly perceptible. Fourthly, that the uterine waUs assume 
an mcreased thickness when in an impregnated state, but that not the 
slightest trace of a decidual or adventitious membrane is apbarent in the 
ca^ty of the womb. From all these circumstances, the distinguished 
author of the paper referred to* was led to adopt the subjoined train of 

a ?or 1^, paradoxu>." by Eicb^d Owen, Eeq,. 
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reasoning as to the probability of tho Ornithorhynchus being a vivipa- 
rous mammal. The form, tho structure, and the detached condition of 
the ova, observes Professor Owen, may still be regarded as compatible 
with, and perhaps favourable to, the opinion that they are excluded as 
such, and that the embryo is developed out of the parent’s body. But 
the following objections present themselves to this conclusion : — The 
only part of the efferent tube of the generative apparatus which can bo 
compared in structure or relative position with tho sheU-sccreting uterus 
of the Fowl is tho dilated terminal cavity in which, in all the specimens 
examined, tho ova were situated : and upon the oviparous theory it must 
bo supposed either that tho parietea of this cavity, after having secreted 
the requisite quantity of soft material, suddenly assume a now function, 
and complete the ovum by providing it with the calcareous covering 
necessary to enable it to sustain the superincumbent weight of tho 
mother during incubation ; or that this is effected by a rapid deposition 
from the cuticular surface of the external passages ; or lastly, according 
to a more recent but still more improbable supposition, by a calcareous 
secretion of the abdominal glands poured out upon the ovum after its 
exclusion. 

Fig. 414 » 



Ovarin of Ornithorhynchus paradoxus. 


(2426.) But granting that the egg is provided in any of these ways 
with the ncftcssary external covering, yet, from the evidence afforded 
by the specimens examined, the ovum is deficient in those parts of its 

* Owing to an error on tho part of tho draughtsman, who has n^lected to reverse 
tho drawing, tlie loft uterus in tho above figure is represented on the right side, and 
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organization which appear to be essential to successful incubation, viz. ji 
voluminous yelk to support the germinal membrane, and the mechanisiu 
for bringing the cicatriciila into contiguity with the body of the parent. 
Add to this, that such a mode of development of the foetus requires that 
all the necessary nutritive material be accumulated in the ovum prior to 
its exclusion. Now the bony pelvis of the Bird is expressly modified to 
allow of the escape of an egg, both large from the quantity of its con- 
tents, and unyielding from its necessary defensive covoring : but, what- 
ever affinities of structure may exist in other parts of tlic Ornitlio- 
rhynchus, it is most important to the question of its generation to beai- 
in mind that it manifests no resemblance to the Bird in the disposition 
of its pubic bones. 

(2427.) From the above considerations it is therefore probable that 
the young Ornithorhynchi arc produced alive ; yet still the reader will 
perceive, by the closeness of the reasoning brought to bear upon the 
subject, how nearly the oviparous and mammiferous modes of generation 
are approximated by the interposition of these connecting forms of 
Vertobrata. 

(2428.) But if from these arguments, derived from the anatomical 
constniction of the female parts, it is 
allowable to conjecture that the Omi- 
thorhynchus is ovoviviparous (using 
that term in a strictly philosophical 
sense), the difficulties of the cas« are 
by no means removed ; and granting 
that tho contents of the ovum arc 
barely sufficient to nourish the embryo 
during the very earliest stages of its 
development, we have yet to learn 
how tho foetus is matured after the 
exhaustion of this supply. There is 
no reason whatever to suppose that a 
placenta exists at any period of uterine 
gestation; neither is there a mar- 
supial pouch in which the prema- 
turcly-bom young can be carried 
about and supplied with milk ; so 
that, whether the young Monotremc 
be developed in the uterus or out of the uterus, we arc equally at a loss 
to understand how its nutrition is provided for. 

(2429.) In this state of uncertainty, the anatomy of the young Omi- 
thorynchus, examined at as early a period as possible, becomes a subject 
of extreme interest ; and fortunately Professor Owen has been enabled 
to add obscr\"ations upon this subject to his other valuable researches 


Fig. 41.5. 
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relative to tlio generation of these creatures *. The annexed figure 
(fig. 415) is a portniit of one of the specimens dissected ; and from every 
appearance it could not have been more than a few days old — that is, 
supposing it to liavo been born at an advanced period of its development. 
It was as yet blind ; and the situation of the eyes was only indicated by 
the convergence of a few wrinkles to one point ; but when these were 
put upon the stretch, the integument was found entire, and completely 
shrouding or covering the eyeball anteriorly : its skeleton, moreover, was 
(juite in a cartilaginous condition ; and it was obviously in every respect 
helpless, and still dependent upon its mother for sustenance. 

(2430.) The stomach was found filled ^vith miZA: — a sufficient proof 
that at that period, at least, it was nourished by the lacteal secretion ; 
but with regard to its previous foetal condition, the difficulties that have 
been above alluded to remained in their full force. No trace of an 
umbilical cicatrix was visible upon the ventral surface of the body, even 
when examined with a lens, — a sure proof that no placenta had existed. 
The ilium was carefully examined, but there was no appearance of the 
pedicle of the vitelline vesicle ; nevertheless the other vestiges of foetal 
organization were more obvious than in the ordinary marsupial or ovo- 
viviparous Mammalia. The umbilical vein was seen extending from a 
linear cicatrix of the peritoneum, opposite the middle of the abdomen, 
along the anterior margin of the suspensory ligament to the liver. It 
was reduced to a mere filamentary tube filled with coagulum. •From the 
same cicatrix the remains of the umbilical arteries extended downwards, 
and near the urinary bladder were contained within a duplicaturo of 
peritoneum, having between them a small flat oval vesicle, the remains 
of an allantois f which was attached by a contracted pedicle to the fundus 
of the bladder ; but still, as both the embryo of the Bird and that of the 
ovoviviparous Reptile have an allantois and umbilical vessels developed, 
no certain inference can be drawn from the above appearances as to the 
oviparous or viviparous nature of the generation of the Ornithorhynchus. 

(2431.) Such is the present state of our knowledge relative to the 
first typo of Mamraiferous generation, viz. that met with among the 
Monotbemata. In the second, or Marsupial type, the phenomena, 
although equally strange, are better understood ; and to these we must 
now beg the attention of the student. 

(2432.) The Marsupiaiia, from the variety of their forms and exten- 
sive distribution, constitute a most impoitot sodvm oi 
(quadrupeds, distinguished by the pecuharities that occur m tho organi- 
zation of their generative apparatus and by the singular mode in which 
they produce and suckle their young. Animals of this kind are only 
met with in tho American and Australian regions of our globe ; and so 
widely do they differ, as far as their reproduction is concerned, from aU 
tho Mammiforous inhabitants of the Old World, that they might even bo 

* Owen on the Young of tho Ornithorhynchus pamdoxus, Trans. Zool. Soc. vol. i. 
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regarded as forming quite a distinct and separate group in the animal 
creation, serving to accomplish another stop in that grand transition by 
which the physiologist is conducted from the oviparous to the placental 
Vertehrata. 

(2433.) The Marsupialia are, strictly speaking, ovoviviparom ; that 
is to say, the uterine ovum never forms any vascular connexion with the 
maternal system, but after a very brief intra-utcrine gestation the em- 
bryo is expelled in a very rudimentary and imperfect condition, even its 
extremities being as yet but partially developed ; and in tliis helpless 
state the foetus is conveyed from the uterus into a pouch or inarm- 
piuniy formed by the integument of the abdomen, there to bo nourished 
by milk sucked from the mammary glands, until it arrives at such a state 
of maturity as enables it to assume an independent existence. 

(2434.) We may naturally expect, therefore, that, with habits so re- 
markable, the structure of the generative apparatus, both in the male 
and female Marsupial, will offer important peculiarities; and these 
accordingly first present themselves for description. 

(2435.) We select the Kangaroo as an example of the entire group, 
beginning, as we have hitherto done, with the organization of the male 
organs of generation. 

(2436.) The first circumstance that strikes the attention of the 
anatomist in a male Marsupial is the extraordinary position of the testes, 
which, instead of being situated behind the penis, as in most placental 
Mammals, are placed in front of that organ in a kind of scrotum that 
occupies the same place as the pouch of the female, and is in like 
manner supported by two marsupial hones derived from the pubes, 
around which the cremaster muscle winds in such a manner as to enable 
it powerfully to compress the testicles during the congress of the sexes. 
The vasa deferentia derived from the testes open into the commencement 
of the urethra, which now, for the first time, forms a complete canal 
leading from the bladder to the extremity of the penis. The auxiliary 
glands that pour additional secretions into the urethra are of great size, 
and more numerous than those met with in the human subject. In the 
first place, the commencement of the urethral tube is embraced by a 
bulky and conical prostate, to which succeed three pairs of large secreting 
organs {Oowperh glands), each enveloped in a musculo-membranous 
sheath, apparently intended to compress their substance, and thus effi- 
ciently discharge their secretion into the canal of the urethra, there to 
be mixed up with the seminal fluid, 

(2437.) But j)erhaps the most decided peculiarities that characterize 
the males of Marsupial quadrupeds are met with in the conctruction of 
the penis itself. The two roots or crura of the corpora cavernosa are 
not, as in the higher Mammals, attached to the branches of the ischium 
by ligamentous bands, but each swells into a large bulb enclosed in a 
powerful muscular envelope. The bulbous portion of the urethra is 
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likewise double, und ombriieed by powerful muscles. In the Kangaroo, 
moreover, the spongy erectile tissue that encloses the urethra passes 
with that canal tlirougb the centre of the body of the penis, formed by 
the corpora cavernosa, so that a glam can scarcely be said to exist ; but 
in other Marsupials, as, for example, in the Opossums {Didel^hys), the 
extremity of the intromittent organ is bifid, thus forming another ap- 
proximation to the oviparous type. 

(2438.) In the female Kangaroo, and other Marsupials, there are still 
two distinct uteri, opening into the vagina by distinct orifices ; and even 
the vagina itself is double, exhibiting a very peculiar and interesting 
arrangement, represented in the subjoined figure (fig. 416). The ovaria 

Fig. 41G. 



Generative organs of the female Kangaroo. 

(ad) are now reduced to comparatively small dimensions when com- 
pared with those of the Ovipara — a circumstance that depends upon the 
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reduced size of the ovarian o^uJles, wliich no longer present the Liilky 
yelks peculiar to oviparous generation, the necessity for the existence of 
such a largo store of food being now supci’seded by the provision of 
another kind of nourishment derived from the mammary glands. U ho 
Fallopian tubes commence by wide fimbriated apertures ; and each leads 
into a separate uterine canal (6, c), in which the first part of gestation 
is accomplished. The two uteri open by two orifices (c, /) into the two 
vaginGD(^ ^), which remain quite distinct from each other from their com- 
mencement to their termination in the urethro-sexual canal {li ) — a kind 
of cloaca into which both the vaginae and the urethra empty themselves. 

(2439.) Such being the arrangement of the generative apparatus of 
the female "Kangaroo, we are prepared, in the next place, to consider the 
structure of the Marsupial ovum, and to trace its progress from the 
ovary, where it is first formed, into the Marsupial pouch, where the de- 
velopment of the foetus is ultimately completed. 

(2440.) The ovary of a Marsupial animal, as has been already ob- 
served, resembles that of ordinary Mammalia, and presents the same 
dense structure. But the ovarian ovules, although characterized by the 
paucity of yolk as compared with the oviparous classes, yet have a larger 
proportion than exists in the placental Mammalia. When impregna- 
tion is effected in the Marsupial animal, the Graafian vesicle or ovisac is 
ruptured, and the little ovulum escapes into the Fallopian tube, whereby 
it passes^into the uterine cavity, from whence, of course, it must absorb 
the materials destined to support the future embryo, in the same manner 
as the egg is furnished in the oviduct with the albumen that invests the 
yelk. The development of the embryo from the blastoderm or germinal 
membrane is, no doubt, accomplished in the same manner in all Mam- 
malia as it is in Birds, up to a certain stage of maturity ; but at that 
stage of growth when, in the case of the Bird, the yelk is required to 
contribute to the nourishment of the newly-formed being, in the Mam- 
mifera, where no adequate supply of yelk exists, other means must be 
resorted to ; and accordingly the Marsupial embryo is born prematurely, 
in order to supply it with milk ; and in the ordinary Mammal a placenta 
is developed, forming a means of vascular communication between the 
mother and the feetus. 

(2441.) The important investigations of Profoj^sor Owen upon this 
subject* cannot be too highly appreciated. In the gravid uterus of a 
Kangaroo, examined by this indefatigable labourer in the cause of 
science, a foetus was met with that had apparently arrived very nearly 
at the term of its intra-uterine existence ; and the following is a sum- 
mary of its anatomy at this period. • 

(2442.) The ovum (fig. 416, c) was lodged in one of the uterine 
cavities, and the fmtus was about an inch and four lines in length. The 

* “ On the Generation of Marsupial Animals, with a Description of tlie Impreg- 
nated Uterus of the Kangaroo,” by Eicliard Owen, Esq., Phil. Trans. 1834. 
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walls of the gravid uterus were obviously dilated, and its parictes varied 
in thickness from one to two lines, being in the imimpregnated state 
about half a line ; hut this increase was not in the niiLscular coat, but 
in the lining nuanbrano, which was thrown into irregular folds and 
wrinkles. There was, however, not the slightest trace of any vascular 
connexion between the uterus and the ovum — neither placenta nor villi, 
nor any determination of vessels to a given point on either of the 
02 ) 2 )osed surfaces of the chorion or uterus : on the contrary, the external 
membrane of the ovum (chorion) exhibited not the slightest trace of 
vascularity, even under the 
microscope, and seemed in 
every respect to resemhle 
the membrana putaminis 
that lines the egg-shell. 

(2443.) The body of the 
foetus itself was immedi- 
ately enclosed in a trans- 
parent membrane (5), the 
amnios. 

(2444.) Between the 
chorion (a) and the amnios 
(h) was an extensive vas- 
cular membrane (o, d d, e e ) : 
its figure scorned to have 
been that of a cone, of 
which the apex was at the 
umbilicus of the foetus. 

(244*5.) Three vessels 
could bo distinguished di- Embryo of Kan^jaroo. 

verging from the umbilical 

cord, and ramifying over it. Two of these trunks contained coagulated 
blood ; wliilc the third was smaller, empty, and evidently the arterial 
trunk. No trace of any other membrane could be seen extending from 
the foitiis, besides the three above mentioned — the chorion (a), the 
amnios (?>), and the interposed vascular membrane, the nature of which 
becomes the next ST^bjcct of inquiry. 

(2440.) On tracing the three vessels above alluded to as ramifying 
over the vascular membrane through the umbilicus into the abdomen, 
the two larger ones, filled with coagulated blood, wore found to unite, 
and, after being joined by the mesenteric vein, penetrated the liver ; 
these, cons(f]Ucntly, were the representatives of the omphah-nusenteric 
or vitelline vein of the embryo Bird (§ 2130). The third vessel passed 
between the convolutions of the small intestine along the mesentery to 
the abdominal aorta, corresponding to an omplialo-mesentcric or vitelline 
artery. The membrane, therefore, upon which tll(^y ramified answaus 
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to the vascular layer of the germinal membrane which spreads over the 
yelk in the oviparous animals, or to the vitelline vesicle of the embryo 
of ordinary Mammalia. 

(2447.) A filamentary pedicle connected this membrane to the in- 
testine near the termination of the ilium, thus comidcting the resem- 
blance between this apparatus and the vitelline system of Birds. But 
here wo must caution the student not to be misled on one important 
point : the contents of the vitelline sac in the Marsupials, although 
doubtless intended to afford nourishment to the embryo animal, and thus 
representing the yelk of the Bird^s egg, differ from it in one very 
essential circumstance. The yelk of the oviparous ovum is ready-formed 
in the ovary and exists prior to conception ; but in the Mammal, where 
the ovarian yelk is met with in extremely small quantities, the contents 
of the vitellicle must obviously be derived from some other source, most 
probably from absorption from the uterine cavity. 

(2448.) In the Marsupial ovum the vascular membrane of the vitel- 
licle is doubtless sufficient for the respiration of the little creature up 
to the time of its birth ; and accordingly the allantoic system (§ 2139) 
is but very partially developed. In the ovum delineated in the last 
figure, there was as yet no perceptible trace either of an allantois or 
of a urinary bladder ; but, as has been proved by another dissection, 
during the latter weeks of uterine gestation the urinary bladder is pro- 
longed beyond the umbilicus so as to form a small allantois destined to 
receive the renal secretion, which becomes more abundant as the little 
foetus increases in size and completeness 

(2449.) In the mammary foetus of a Kangaroo a fortnight old, Pro- 
fessor Owen detected both a urachus and umbilical arteries ; but these 
only extended from the bladder and iliac vessels as far as the umbilicus ; 
neither could any umbilical vein bo found penetrating the liver. It is 
in the placental Mammals that we shall find those vessels assuming 
their full importance, and developing themselves into a new system, 
whereby the communication between the mother and her offspring is 
still more effectually provided for. 

(2450.) When we consider the very early period at which the young 
Kangaroo is bom, namely, at about the thirty-ninth day after concep- 
tion, it is only reasonable to suppose that the orgatjs most immediately 
connected with the vital actions are precociously matured ; and accord- 
ingly, even in the embryo above delineated (fig. 417), the intestines, 
the liver, the kidneys, and the testes were all conspicuous, and the 
diaphragm, the heart, and the lungs wore in such an advanced condition 
as to show that they would soon bo capable of preraaiurely*taking upon 
themselves the exercise of the circulatory and respiratory functions, 

(2451.) This rapid development of the viscera connected with circu- 
lation and respiration is, in tmth, e^entially requisite ; for no sooner 
* See Proceedings of the Zoological Society for August 1887. 
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has the embryo arrived at the size represented in the next figure 
(fig. 418, a), the limbs being still in a most rudimentary condition, 
than tho embryo is transferred from the uterus into the marsupial 
pouch, where it is found attached by its 
mouth to one of tho nipples, from whence 
tho materials of its support are to be ob- 
tained until it has acquired sufficient 
strength and size to leave the strange 
portable nest in which its foetal growth 
is accomplished and procure food adapted 
to a maturer condition. 

(2452.) A very beautiful provision is 
met with in tho construction of the respi- 
ratory passages of the young Marsupial, 
intended to obviate the possibility of suf- 
focation consequent upon the admission of 
milk into the trachea— a circumstance that, 
without some peculiar arrangement, might 
easily happen ; but of this we must quote 
the original description, extracted from the 
paper already referred to The new-born Kangaroo,” observes 
Professor Owen, possesses greater powers of action than the same- 
sized embryo of a Sheep, and approximates more nearly in thS respect 
to tho new-born young of the ^t ; •yet it is evidently^inferior to tho 
latter. For although it is enabled by the muscular power of its lips to 
grasp and adhere firmly to the nipple, it seems to be unable to draw 
sustenance therefrom by its own unaided efforts. The mother, as Pro- 
fessor Oooffroy t and Mr. Morgan X have shown, is therefore provided 
with a peculiar adaptation of a muscle (analogous to the cremaster) 
to the mammary gland, for the evident purpose of injecting the milk 
from the nipple into tho mouth of the adherent foetus. Now it can 
scarcely be supposed that the foetal efforts of suction should always be 
coincident with tho matomal act of injection j and if at any time this 
should not bo tho case, a fatal accident might happen from the milk 
being forcibly injected . into the larynx. Professor Geoffrey first de- 
scribed tho modification by which this purpose is effected; and Mr. 
Himter appears to have foreseen the necessity for such a structure, for 
he has dissected two small foetuses of the Kangaroo for tho especial 
purpose of showing the relation of the larynx to the posterior nares §. 

* P.Z.S., August 1837, p. 348. t M^moires du Mus4o, tom. xxv. p. 48. 

t Trans. Linn. Soc. vol. xvi. p. 61. 

§ “ Soo Nos, 3731, 3734, 3735, in the Physiological Series of the Hunterian Mu- 
seum, in which there are evidences that Mr. Hunter had anticipated most of tho 
anatomical discoveries which have subsequently been made upon the embryo of the 
Kangaroo.” 
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The epiglottis and aiytcnoid cartilages arc elongated and approximated, 
so that the rima glottidis is thus situated at the apex of a cone-slitiped 
larynx (fig. 418, n, a), which projects, as in tlic Cktacea, into the poste- 
rior narcs, where it is closclj^ embraced by the muscles of the soft 
palate. The air-passage is thus'complotcl}" separated from the fauces, 
and the injected milk passes in a divided stream, on cither side of tlic 
larynx, into the oesophagus.'’ 

‘‘ Thus aided and protected by modifications of structure, both in tlu? 
system of the mother and in its own, designed with especial refcrenc(^ 
to each other’s peculiar condition, and affording therefore the most 
irrefragable evidence of Creative foresight, the feeble offspring continues 
to increase from sustenance exclusively derived from the mother for a 
period of about eight months. The young Kangaroo may then be seen 
frequently to protrude its head from the mouth of the pouch, and to 
crop the grass at the same time that the mother is browsing. Having 
thus acquired additional strength, it quits the pouch, and hops at first 
with a feeble and vacillating gait ; but continues to return to the pouch 
for occasional shelter and supplies of food, till it has attained the weight 
of ten pounds. After this it will occasionally insert its head for tho 
purpose of sucking, notwithstanding another foetus may have been de- 
posited in the pouch ; for tho latter, as we have seen, attaches itself to 
a different nipple from the one which had previously been in use.” 

(2453?) Thus therefore are we conducted by the Ovovivipara, as 
the Marsupial^ A are properly calied, to the most perfect or placental 
type of the generative system. 

(2454.) Commencing our account of the reproductive organs of Vivi- 
parous Mammalia by examining those of the male sex, wc have another 
striking example of the insufficiency of tho nomenclature employed by 
the anatomist who confines his studies to tho human body, when it 
becomes necessary to describe corresponding organs even in animals 
organized after the same type. 

(2455.) True it is that there is the same general arrangement of 
the generative apparatus ; and it is convenient, as far as possible, to 
apply the same names to structures that apparently represent each 
other : but a very superficial examination of the facts v^l servo to 
show that great differences exist between them j (ind, accordingly, we 
aro not surprised to find tho utmost perplexity and confusion in the 
descriptions of those parts, arising from tho indiscriminate application of 
the terms employed in human anatomy to totally dissimilar structures. 

(2456.) It is not, however, our business hero to criticize the labours 
of authors upon this subject ; wo must content ourselves with selecting 
an example of one of the more complex forms under which the male 
genitals present themselves, and leave the reader to contrast tho various 
organs with those mot with in the human subject. 

(2457.) The annexed figure (fig. 419, a) represents tho generative 
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vi,sc;ci!i of tlic male Ifodgoliop:. The rectum {a) autl the neck of the 
])lii(l(lcr (7i) remain iu situ ; but the rest of the latter viscus has been 
rcmiovcd, and the fii-st portion of the urethra (e) slit open, in order to 
show the relations of the surrounding parts. 

(2458.) The testes (h 7>) j)rcsent the same structure in all the class, 
and consist essentially of an immense assemblage of extremely delicate 
tuhiiU seminiferi enclosed in a dense albugineous tunic, from whicli 
septa ])ass internally, whereby the seminiferous tubes are divided into 
several hisciculi : aft(T 

piercing the propipr “fic- 

tions forms the epi- 
didymis, ns in Man, 
and is then continued, <? 

under the name of vas — t 
deferens y to the com- f / jt ^ 
moncemont of the ure- i ^ 

thra, into which the I \ 

many Ruminants, the I ( U 

vas deferens presents f ■ K 

mination it suddenly ^ ^ 

swells to a consider- Male gom-mtivc-appamtus of the if cd^cho^. 

able diameter, de- 
pending upon the increased thickness of the walls of the canal, which at 
the same time become cellular, and secrete a gelatinous fluid that escapes 
into the cavity of the duct. 

(2459.) In their si^iation the testes of placental Mammals are found 
to offer very striking differences. In the Cetacea, the Elephant, and 
the Seal, they remain permanently in the abdomen, bound down by a 
process of the peritoneum. In Man, and most quadrupeds, on the con- 
trary, they pass out of the abdominal cavity through the inguinal rings, 
and are suspended in a scrotal pouch formed by the skin, and a cre- 
master muscle, and lined by a serous prolongation of the peritoneal sac. 
The spermatic cords, therefore, formed by the vessels and excretory 
canal of the testes, will take a different course, in conformity with the 
variable position of these organs, and, where a scrotum exists, must 
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enter the abdomen through an inguinal canal. Still, from their hori- 
zontal posture, quadrupeds are but little liable to hernia, even where tlie 
inguinal passages arc much more open than in the human subject. 

(2460.) The quantity of the seminal fluid furnished by the testes is 
very small, as must be evident from tho extreme narrowness of the duett 
through which it passes into the urethra. Nevertheless, as the impreg- 
nation of the female now requires the forcible injection of this fluid, it 
is absolutely requisite to increase the bulk of the vivifying secretion, in 
order to enable the muscles that embrace the urethral tube efficiently to 
expel it. For this purpose additional glands are ^ven, whereby dif- 
ferent fluids are poured into the urethral cavity, apparently for the solo 
purpose of diluting tho spermatic liquor, and thus forming a vehicle for 
its expulsion. These succenturiate glands^ as they are named, are not 
found in any oviparous animal \ but in the Mammal such is their size 
and importance that there may be just reason for supposing them to 
exercise a more important office than that usually assigned to them by 
physiologists j and this supposition seems to obtain additional weight 
when we consider the great diversity of structure that they exhibit in 
different quadrupeds. 

(2461.) The vesimloe seminales are tho first of these accessory se- 
creting organs that require our notice. In Man, the seminal vesicles, as 
they are erroneously termed, resemble two membranous reservoirs, situ- 
ated beneath the neck of the bladder, and were once supposed to be 
receptacles for containing the semen. ^Vhen opened, however, they 
are found to be composed of the windings of a very sinuous secreting 
surface ; and as their excretory ducts open into the urethra in common 
with the vasa deferentia, they obviously add tho fluid that they elabo- 
rate to tho secretion of tho testes. 

(2462.) But notwithstanding their apparent importance in the human 
species, these organs do not exist at ‘all in by far the greater number of 
Carnivora ; neither are they found in the Ruminants, nor in the ceta- 
ceous Mammals. 

(2463.) In other quadrupeds, on tho contrary, they are found, and 
their proportionate size is extremely remarkable. This is specially tho 
case in the Rodent tribes and among the Insectivora. In the Hedge- 
hog, for example, their bulk is enormous. In this creature they form 
two large masses (fig. 419, a , cc ), each composed of four or five bundles 
of long and tortuous secerning vessels folded upon themselves in all 
directions, and pouring the product of their secretion into the urethra 
by two ducts (fig. 419, b , c c ), quite distinct from the vasa deferentia, 

(2464.) Theprostof^s are the next succenturiate glands, superadded 
to the essential generative organs of the placental Mammals ; and so 
diverse is their structure in different tribes, that it is not always easy to 
recognize them under the varied forms that they assume. 

(2465.) In Man prostate is a solid glandular mass, that embraces 
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the commencomcnt of the urethra, into which it discharges its secretion 
by numerous small ducts ; and this is the most common arrangement 
throughout the Mamrniferous orders. 

(246G.) In Kiiminants, Solipeds, and in the Elephant, there are two 
or even four prostates, of a very difterent kind, ""each gland having a 
central cavity, into which smaller cavities open by wide orifices. In 
these creatures, therefore, the prostatic secretion accumulates in the 
interior of the gland, from whence it is conveyed into the urethra by 
appropriate excretory canals. 

(2407.) In most of the Rodontia, in the Mole, and in the Hedgehog, 
the structure of the prostate is so peculiar that many distinguished 
comparative anatomists refuse to apply the same name to organs that 
obviously represent the gland we are describing, preferring, with Cuvier, 
to call them accessory vesicles,*^ 

(2468.) In the Hedgehog, the prostate is replaced by two large masses 
(fig. 419, A, d), each composed of parallel, flexuous, and branched 
tubes, all of which unite into ducts common to the whole group, whereby 
the fluid elaborated is conveyed into the urethra through minute orifices 
(fig.419,B,«4 

(2469.) A third set of auxiliary secreting bodies, very generally met 
with, are called by the name of ** Cowper^s glands** These in our own 
species are very small, not exceeding the size of a pea ; buj in many 
quadrupeds they are much more largely developed. In the Hedgehog 
(fig. 419, A,/) they are obviously composed of convoluted tubes, and their 
ducts open by distinct apertures (n, g g) into the floor of the urethra. 

(2470.) The canal of the urethra, through which the urine as well as 
the generative secretions are expelled from the body of the male Mammal, 
is a complete tube, and no longer a mere furrow, as we have seen it 
to be in all the Ovipara possessed of an intromittent apparatus. It 
extends from the neck of the bladder to the extremity of the penis ; but 
in this course, owing to its relations with the surrounding parts, it will 
bo necessary to consider it as divisible into two or three distinct por- 
tions, each of which offers peculiarities wmrthy of remark. The first 
part of the urethral tube is not unfrequently, as in the human subject, 
more or less completely surrounded by the prostate gland, and in such 
cases merits the name of prostatic portion '** but where, as in the 
Hedgehog, the prostates do not enclose the commencement of the canal, 
this division of the urethra docs not exist. 

(2471.) The second is the muscular portion,” extending from the 
prostate to the root of the penis ; and it is into this part that all the ge- 
nerative sedletions are poured from their respective ducts (fig. 419 , b , 6 , e, 
Cy gy h). Externally this division of the urethra is enclosed by strong 
muscles (fig. 419, a, i /), which by their convulsive contractions forcibly 
ejaculate the different fluids concerned in impregnation, and thus secure 
an efficient intromission of the seminal liquor into the female organs. 

3 n 
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(2472.) The third portion of the urethra is enclosed in the body of 
the penis, and surrounded by the erectile tissue, of which that orgjiii 
essentially consists ; but in all (piadrupeds this part of the canal is not 
so decidedly continuous with the muscular portion as it appears to bo in 
Man and the generality of Mammalia. In many lluminants, and in 
some of the ITog tribe, the muscular dmsion of the canal opens into the 
upper part of the third or vascular division, in such a manner that a 
cut de sac occupies the commencement of the vascular hull) of the urethra^ 
as it is called by anatomists, into which the secretion of Cowper’s glands 
is poured without having been previously mixed with the seminal or 
prostatic fluids. In some Eodents, as, for example, in the Squirrel and 
the Marmot, the arrangement is still more curious; for the cul de sac 
of tho bulb of the urethra in these creatures, which receives the secre- 
tion of Cowper’s glands, is lengthened out into along tube that runs for 
some distance beneath the proper urethra, and only joins that canal 
near the extremity of the penis. 

(2473.) The body of the penis in the Mammalia, as in all other Verte- 
brata possessed of such an organ, is composed of vascular erectile tissue ; 
but now, besides the corpora cavernosa^ which in Reptiles and Birds 
formed the entire organ, another portion is superadded, destined to en- 
close the canal of the urethra in a thick erectile sheath, and, moreover, to 
form the or most sensitive part of the intromittent apparatus. 

(2474.) Tho corpora cavernosa arc now securely fixed to the bones of 
the pelvis by two roots or crura ; hnd even in the Cetacea, where no 
pelvis is met with, the ossa ischii exist, apparently, only for the purpose 
of giving firm support to tho origin of the parts in question. The size 
of the corpora cavernosa in Man, and many other animals, is of itself 
sufficient to give the needful rigidity to the parts during sexual excite- 
ment ; but in some tribes an additional provision is required to ensure ade- 
quate firmness. Thus in Monkeys, Bats, the Carnivora, the Rodentia, 
and tho Balcenid(^ among Cetaceans, a bone Is imbedded in tho substance 
of the male organ, of which it forms a considerable part. Where this 
bone exists, the corpora cavernosa are proportionately small, and the 
fibrous walls of the penis are confounded with its periosteal covering. 

(2475.) Tho corpus spongiosum^ likewise composed of erectile tissue, 
is quite distinct from the cavernous bodies, and, as we have said before, 
is only found in tho Mammifera. It commences by a bulbous origin 
that embraces the urethra, and it accompanies that canal quite to tho 
extremity of the penis, where it dilates into the glans. 

(2476.) The size and shape of the male organ varies, of course, in 
every genus of quadrupeds, as does the form and texture of the glans. 
To describe these would lead us into details of too little importance to be 
noticed in a survey so general as that we are now taking ; , nevertheless 
we cannot entirely omit to notice the strange and unaccountable struc- 
ture met with in some of the Rodent tribes, whereby the penis is ron- 
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(lerod a most formidable-looking ai)paratu.s, the object of which it is not 
easy to conjecture, {dthongh, as an instrument of excitement, no one will 
be disposed to deny its clficieney. 

(2477.) 'Jims, in the Gninea-pig tribe {Caviay Illig.), the penis is 
strengthened by a ilat bone that reaches forward as far as the extremity 
of the gland beneath wiiich is the termination of the urethra ; but 
behind and below the orifice of this canal is the opening of a pouch, 
wherein arc lodged two long horny spikes. When the member is erect, 
the pouch alluded to becomes everted, and the spikes (fig. 420, d) are 
protruded externally to 

a considerable length. Fig. 420. 

Both the erected pouch 
(6) and the entire sur- 
face of the glans are, 
moreover, covered dense- 
ly with sharp spines or 
booklets ; and as though 
oven all this w'cre not 
sufficient to produce the 
needful irritation, still 
further back there are, 
in some species, two 
sharp and strong horny 
saws (cc) appended to 

the sides of the organ. From this terrible armature of the male Cavies, 
it would be only natural to expect some corresponding peculiarity in the 
female parts ; but, however inexplicable it may appear, the female va^a 
offers no uncommon structure, 

(2478.) We have, in the last place, to examine the generative system 
of the female placental Mammalia, and thus to trace the development of 
this important system to its most complete and highest form. 

(2479.) In the Marsupialia, os the reader will remember, there were 
still two distinct uteri, that were obviously the representatives of the 
oviducts of the Oviparous classes. In the Human female, on the con- 
trary, the uterus is a single central viscus, into which the germs derived 
from the ovaria are introduced through the two ‘‘ Fallopian tubes , as 
the oviducts arc now designated ; but we shall soon see that the vivipa- 
rous Mammals oiler in the anatomical structure of the generative system 
of the female so many intermediate gradations of form, that we arc 
almost insensibly conducted even from the divided uteri of the Ornitho- 
rhynchua lip to the most elevated and concentrated condition that the 
uterine apparatus ultimately attains in our own species. 

(2480.) In the female Rabbit, for example, we have a placental 
Mammal that in every part of the organization of its rcj^roductive organs 
testifies its near affinity to the Marsupial type. The ovaria (fig. 421, Jc, /), 
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although widely different as regards the size of the contained ovule.s 
from those of oviparous animals, still retain fiiint traces of a botryoidal 
or racemose appearance. 

Fig. 421. 



Uterus of the Babbit. 


(2481.)* The ovidxicts (w, o), or the Fallopian tahes as we must now 
call them, are reduced in their diafticter to very small dimensions, and 
testify by their tenuity how minute must be the ovule to which they 
give passage. To these succeed the uteri (e, /), still entirely distinct 
from each other throughout their whole extent, and even opening into 
the vagina (p) by separate orifices, into which the probes (t, h) have 
been introduced. As far as its anatomy is concerned, such a uterine 
apparatus might belong to a marsupial Mammifer ; and even in the rest 
of the sexual parts, obvious relations may be traced between the rodent 
wo are describing and the ovoviviparous quadi’upeds. 

(2482.) It is true there are no longer two vaginae terminating in a 
single cloacal cavity ; but let the reader observe how nearly the vagina 
of the Babbit (fig. 421, a, h) approximates the condition of a cloacal 
chamber. Anteriorly it receives the contents of the bladder (d, m) ; 
while the rectum (s) terminates by an anal orifice (r) so closely con- 
joined with the aperture of the vulva, that the anatomist is almost in 
doubt whether the external opening might not be described as common 
both to the vagina and intestine. Advancing from this lowest form of 
a placental uterine system, it is found that the two uteri before their 
termination become united so as to form a central portion common to 
both, called the body of the uterus, through the intervention of which 
they communicate with the vagina by a single passage, named the os 
tinew ; still, however, the coi'nua uten, especially in those tribes that 
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aro most remarkable for their fecundity, become during gestation far 
more capacious than the mesial portion of which they appear to be 
prolongations. It is, in fact, in the cornua that the numerous progeny of 
such animals are lodged during the whole time of their retention in the 
uterus ; and consequently such an arrangement is absolutely requisite, 
as must be evident from simply inspecting the gravid uterus of a Sow 
(fig. 422), where the cornua uteri (c c) are of remarkable dimensions. 


Fig. 422. 



Uterus of the Sow. 


(2483.) As WO ascend from the more prolific inferior races to the 
Quadrumana and the Human species, the proportionate size of the body 
of the uterus becomes materially increased, and that of the cornua 
diminishes in the same ratio, until in the Monkeys and in Woman the 
latter become quite lost, and the now pyriform central part appears to 
compose the entire viscus, into the cavity of which the Fallopian tubes 
seem immediately to discharge themselves. Thus gradually, therefore, 
does the ovip^ous sexual apparatus assume the viviparous type ; and 
then, passing through numerous intermediate forms, ultimately attains 
its most concentrated condition in the uterus of the Human female. 

(2484.) In every other part of the generative system we shall like- 
wise find the characters of the type at length completely established. 
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The ovaria (fig. 422, a) entirely lose all traces of their original racemose 
condition ; for now the quantity of granular matter enclosed along with 
the germ in each Graafian vesicle, the last remnant of the yolk, has 
become almost inappreciable, and the little ovarian ovules are enclosed 
in a dense parenchymatous substance enveloped by a smooth albu- 
gineous tunic. The Fallopian tubes (b) correspond, in the smallness of 
their diameter, with the minuteness of the globules they are destined 
to convey from the ovaries into the uterine receptacle ; and lastly, the 
excretory canal of the bladder (d) becomes quite separated from the 
vagina (e), and the anal and generative apertures are f< und completely 
distinct from each other. 

(2485.) After the above brief sketch of the anatomy o" the organs of 
generation in the higher Mammalia, it now remains for us to trace tlie 
development of the germ from the moment of impregnation to the birth 
of the foetus, and observe in what particulars placental generation 
differs from the oviparous and ovoviviparous types already described. 
In the viviparoits or placental Mammifcr the effect of impregnation is 
the bursting of one or more of the Graafian vesicles, and the escape of 
the contained germs from the ovisacs wherein they were formed. In 
the Ovipara, owing to the delicacy of the ovisacs, the vascular mem- 
branes composing them, when once ruptured, are speedily removed by 
absorpti|>n ; but in the Mammal this is not the case, and a cicatrix 
remains permanently visible upon the surface of the ovary, indicating 
where the rupture has occurre^: such cicatrices are known by the 
name of corpora lutea. 

(2486.) On the rupture of the ovarian ovisac, the vesicle of Purldnje, 
or the essential germ, accompanied only by a most minute quantity of 
granular fluid, or yelk, is taken ui) by the fimbriated extremity of the 
Fallopian tube, and conveyed into the interior of the uterus, where its 
development commences. Observations are wanting to teach us pre- 
cisely what are the first appearances of the (rabiyo ; but there is not 
the least doubt that the materials for its earliest growth are absorbed 
in the cavity of the womb, and that its formation from a blastoderm, or 
germinal membrane, is exactly comparable to what occurs in the egg of 
the Bird, already minutely described in the last chapter (§ 2110 etseq.), 
and that, in every particular, as relates to the gr(y\vth and functions of 
the vitelline or ompJialo-mesenteric as well as of the amniotic systems, the 
phenomena are tlie same as in the mai'supial ^lammal up to the period 
when the young Marsupian is prematurely born, to be afterwards nourished 
in the pouch of its mother from materials derived from the breast. 

(2487.) But precisely at that point of development wliere the Mar- 
supial embryo is expelled from the uterus of its parent, namely, when 
the functions both of the vitelliclc and of the allantoid apparatus become 
no longer efficient cither for nutrition or respiration, a third system of 
organs is developed in the placental Mammifer, whereby a vascular 
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intercommunication is established between the feetus and the* uterine 
vessels of the mother, forming what has been named by human embryo- 
logists the placenta, 

(2488.) In the ovum of a Sheep, at that period of the growth of the 
foetus which nearly corresponds with the end of uterogestation in the 
prcmaturcly-bom Kangaroo, all the three systems alluded to are co- 
existent and easily distinguishable, as will be seen in the accompanying 
figure (fig. 423). The foetus (a), enclosed in its amniotic membrane (6), 
has its limbs as yet but very imperfectly formed, exhibiting pretty 
nearly the condition of a nascent Marsupial {vide fig. 418) ; but hero it 
will be seen that the umbilical systems exhibit very striking differences 
in the two races. The vitelUcle (/), with its pedicle {e), arc of very 
small dimensions ; tho allantoid sac (^), on the contrary, is of con- 
sideraldc bulk, and, having ceased to act as a respiratory organ, becomes 
adfiptod to receive the urinary secretion through tho canal of tho 


Fig. 4i>3. 



nrachus. The most important feature, however, is tho rapid extension 
of the umbilical vessels (^/), which in Birds and Marsupials were dis- 
tributed only to the allantois, but in tho placental Mammals these 
vessels rapidly spread over the chorion {h), and, coming in contact with 
the vascular surface of the womb, they soon form a new bond of com- 
munication between tlie mother and the ftntiis, constituting the placenta; 
and thus the offspring is nourished until, its intra-uterino growth 
being accomplished, it is born in an advanced condition of development, 
and becomes the object of maternal care during that period in which it 
is dependent upon the breast of its mother for support. 

(2489.) Tfic appearance of the ])lacenta varies much in different 
tribes : thus in the 8heep and other Ruminants it consists of numerous 
detached masses of villi (fig. 423, i i), that interdigitate with correspond- 
ing processes derived from the maternal womb ; in the Mare it covers tho 
whole surface of the clu^rion ; but in the greater number of Mammals, 
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and in Iho Human female, it forms a single vascular cake, whence is 
derived the name appropriated by anatomists to this important visciis. 

(2490.) After the development of the placental system, it is obvious 
that the arteries derived from the common iliac trunks of the foetus, 
which at first were distributed only to the allantois, as in the case of 
the Bird (§ 2139), on the development of the placenta become trans- 
ferred to the latter viscus, and form the %mhilkal arteries of the navel- 
string. The vcm,likewise,notwithstanding its prodigiously-increased ex- 
tent of origin after the placenta has been formed, takes the same course 
on entering the umbilicus of the ftetus as it did wlien it was derived 
only from the allantois •, so that, although the placenta completely usurps 
the place of the allantois, both the allantoic and placental circulations 
are carried on through the same umbilical arteries and veins. 

(2491.) In order to complete our history of foetal development up to 
the full establishment of the permanent double circulation that charac- 
terizes all the hot-blooded Vertebrata after birth, it only remains for 
us to notice tlic changes that occur in the vessels of the foetus, whereby, 
on the cessation of the functions of the placenta, the pulmonary circu- 
lation is at length brought into action. 

(2492.) Up to the period of birth the arrangement of the foetal cir- 
culation remains essentially that of a lieptilc, inasmuch as both the 
venous blood derived from the system and the arterialized blood that 
comes from the placenta are mixed together in the as yet imperfectly 
separated chamber of the heai't. Under these circumstances the 
arrangement of the vascular system is as follows ; — Pure blood, supplied 
from the placenta, is brought into the body by the umbilical vein, which 
passes partly into the portal system of the liver, but principally through 
the ductus venosus into the inferior cava, and thence into the heart. 
From the construction of the heart during this portion of fcetal exist- 
ence it is obvious that in that viscus all the blood derived from the 
placenta, from the venous system of the foetus, and also from the as yet 
inactive lungs, is mingled together prior to its distribution through the 
arterial system. The two auricles communicate freely with each other 
through the foramen ovale ; and, by means of the ductus arteriosus, the 
greater portion of the blood driven from the right ventricle during the 
systole of that cavity passes into the aorta, a \v)ry small proportion 
only finding its way into the pulmonary arteries. Such a heart, there- 
fore, supplies to the foetal system a mixed fluid, of which a portion, 
having passed through the arterial tninks, finds its way back to the 
placenta through the two umbilical arteries, there to recommence the 
same circle. ♦ 

(2493.) Immediately after birth, however, the whole arrangement is 
altered, and the adult condition fully established. The lungs assume 
their functions and the pulmonary arteries attain their full proportions, 
while the placenta at once ceases from its office, and all the umbilical 
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vessels become obliterated. The ductus venocvts is no longer permeable, 
so that the portal system and that of the venoe cavce are quit( separated : 
the foramen ovale closes, thus completely separating the right from the 
left auricle : the ductus arteriosus is reduced to a mere ligament ; all 
the blood, therefore, driven from the right side of the heart must now 
pass into the expanded lungs, and be returned through the pulmonary 
veins to the left side of the heart. Thus the pulmonary and systemic 
circulations being rendered totally distinct, arterializcd blood alono 
enters the arterial system, to be distributed through the body, and, the 
umbilical arteries disappearing, the highest form of the circulatory 
apparatus is fuUy established. 

(2494.) After birth the mammary glands supply the first nutriment 
to the still helpless offspring. These vary in number and position in 
different species of placental Mammifers, their number being of course 
greatest in the most prolific races. Where the arms or anterior limbs 
can be used for supporting or clasping the feeble young, as in the 
Quadrumana, the Bats, and the females of our own species, it is upon 
the breast that these nutrient founts are placed; but in less gifted 
tribes the mammee arc situated beneath the abdomen or in the inguinal 
region. Their structure, however, is similar throughout the entire class ; 
each gland consisting of innumerable minute secreting cells, grouped 
together in lobules and in lobes. Delicate excretory duct% derived 
from all these idtimate cells, unite together again and again until they 
form capacious ducts, or rather reservoirs for milk. In the Human 
female the lactiferous canals terminate by numerous orifices upon the 
extremity of the nipple ; but where the nipples are of largo size, 
they generally contain a wide ca\dty wherein the milk accumulates in 
considerable quantities, to bo discharged through one or two orifices 
only. Such are the modes by which Supreme Beneficence has provided 
for the infant progeny of Mammiferous beings, and conferred the en- 
dearments of maternity where He has bestowed intelligcnco to appre- 
ciate affection. But even this is not all ; from the superabundance of 
the store provided there may be yet to spare ; and Man is privileged to 
bid his lowing herds yield him their milk for food, and thus obtains no 
slight addition to the bounteous table spread for his enjoyment. 


THE END. 


PRINTED BY TAYLOR AND FRANCIS, RED LION COURT, FLEET STREET. 




Post 8vo, 544 pp., with Eight Coloured Plates, each with manj figures, price 18f. 

THE AQUARIAN NATURALIST: 

A MANUAL FOR THE SEA-SIDE. 

By Professor T. BYMEB JONES, F.R.S. 


“ Of all popular books upon the Natural Ilistory of our shores, it is the most 
complete and the most scientific, while of scientific books it is the most popular. 
Ilis former writings have shown how well Professor Rymer Jones is able to think 
with the few, and to speak with the many.” — Examiner^ 

“ Our opinion of the book will have boon gathered fi*om what we have already 
said. It is interesting, instructive, suggestive.” — London Eevietv. 

“ The ‘Aquarian Naturalist’ is undoubtedly the best of all the sea-side books which 
have come under our notice.” — Annals of Natural History. 

“Professor Jones interests while he instructs, and his descriptions often rise 
to the level of true poetry.” — Medical Times. 

“ It is an excellent work, whether considered as to its literary, scientific, or artistic 
merits. The Aquarian Naturalist wiU find it a most agreeable and instructive 
companion, and all interested in tlm wonders, beauties and truths of the world of 
life will read it with pleasure and profit. Tlie author is distinguished among the 
men of science of England.” — Silliman’s American Journal. 

“ Professor Jones is a charming writer, and few men have a greater gift of com- 
municating information in a clearer or more graceful style.” — (Quarterly Journal of 
Mkroscopical Science. 

“ Mr. Jones’s volume will be found a storehouse of valuable and interesting 
facts — valuable to the student, and interesting to the general reader.” — The Qlohe. 

“ It is a book which must bo eagerly welcomed by every one who is interested 
in the natural history of the mighty deep. It is clear, well arranged, scientific 
without pedantry, popular without meanness. The descriptions arc fuU, and 
contain nothing superfluous.” — The Qardeneri Chronicle. 

“ Whilst a groat amount of information is given, his great object is evidently not 
to alarm the reader with minute teclmical details. We recommend our lady friends 
especially not to forget to take Mr. Jones’s volume when they next go to the sea- 
side.” — AthencBum. 
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Figures and brief descriptions of South African Plants, selceted from the Dub- 
lin University Herbarium. By W. II. HARVEY, M.D., F.R.S., Professor of 
Botany in the University of Dublin, and Keeper of the Herbarium. 8vo, 
Vol. I., with lUO Plates uncolourcd, 1». 

FLORA CAPENSIS ; being a Systematic Description of the Plants of the Cape 
Colony, Cattraria, and Port Natal. By Professor HARVEY and Dr. BON- 
DER. 8 VO, Vol. I. Ranunouiacem to Connarocero. Voli II. Leguminosae to 
Loranthacess. Each I'ds, 

INDEX GENEEUM ALGARUM; or, a Systematic Catalogue of the Genera 
of Algae, Mmfine and Freshwater: with an Alphabetical Key to all the Names 
and Synonyms. By Professor HARVEY. 8vo, sewed, 2a. ttrf. 

MANUAL OF THE BRITISH MARINE ALGiE, containing Generic and 
Specifle Descriptions of all the known British Species of Sea-Weeds, with 
Plates to illustrate all the Genera. By Professor HARVEY. 8vo, £1 1«. 
Coloured Copies, £1 lla. 6d. * 
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^^EKEI8 HOKEALl-AAFEltirAXA; or, Coutrilnitions towartls a History of 
till' Marine Algie of the Atlnntie iin<l Paeille Coasts of Norlh America. Hy 
Professor IlAin'EV, Boyal 4to, with .'0 Colourcil Plates, i;:J o#. 

HISTORY OF HEITISH POREST-TREES. Ry PRIDEAUX JOHN 
SELBY’, F.R.S.E., E.L.S., &o. Ehich species is illuslraleil hy n portrait of some 
well-knoAA’n or fine specimen, as a ln*a(l-pieec : the h'nf, noritleation, seed-ves- 
sels, or other cnihelliahments tending to make the volunn' ornamental or use- 
ful, are enihodied in the text or inserted as tiiil-pieei-s. ?ao, with nearly L\K) 
Illustrations, £1 

MAXUAL FLORA OF MADEIRA AND THE ADJACENT ISLANDS OF 
PORTO SANTO AND THE DEZERTAS. By R. T. LOWE, M.A. iL’mo. 
Part I. Thalainillor®. Part IT. Calycifl(»ric. Each (id. 

PRTMTTEE ET NOVITIAi! FAHN.E ET FLORAE lifADERyE ET PORTT'S 
SANCTL Two jMemoirs on lh«‘ Ferns, FloAvering Plants, and Land Shells of 
Madeira and Porto Santo. By E. T. LOWE, M.A. 12mo, •>«. 6d., boards (ICO 
copies printed). 

WALKS AFTER WILD FLO'W’ERS; or the Botany of the Bohereens. By 
KICHARD DOWDEN. Foolscap 8vo, 4a. 6d. 

TERRA LINDISFARNEN8I8. The Natural History of the Eastern Borders. 
By GEORGE J OHN8TON, M.D., &c., &c. This volume embraces the Topo- 
graphy and Botany ; and gives the popular Names and U ses of the Plants, and 
the Customs and Beliefs which have been associated with them. The chapter 
on the Fossil Botany of the district is contributed by Geor&e Tate, F.O.S. 
Ilftstrated with a few Woodcuts and 15 Plates, 8vo, 10a. 6d. 

HISTORY OF BRITISH FERNS. By jfcDWARD NEWMAN. Comprising, 
under each Species, Figures, detailed Descriptions, an ample List of Localities, 
and minute Instructions for Cultivating. 8vo, 18#. 

SYNOPSIS OF THE BRITISH DIATOMACEiE; with Remarks on their 
Structure, Functions, and Distribution; and Ii stnietions for Collecting and 
Preserving Specimens. By the Rev. WILLIAM SMITH. The Plates by 
TviTEK West. In 2 vols. royal 8vo. Vol. I. 21a. ; Vol. II. 30a. 


CHEMISTRY, MINERALOGY, GEOLOGY. 

A MANUAL OF CHEMICAL ANALYSIS (Qualitative). By A. B. NORTII- 
COTE, F.C.8., and ARTHUR H. CHURCH, F.C.B. Post 8vo‘ lOa. 6d. 

HANDBOOK OF CHEMICAL MANIPULATION. By C. GREVILLE 
WILLIAMS, late Principal Assistant in the Laboratories of the Universities 
of Edinburgh and Glasgow. Post 8vo, with very numerous Woodcut Illustra- 
tions, 1.5a. 
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ELKMKNTARY COURSE OR GEOLOGY, MINERALOGY, >\ND PIIY- 
S J CAL GEOQ RAPH Y. By DAVID T. ANSTED, M.A., F.R.S., F.G.S., &c., 
Consultinf' Mining Engineer, llonorury Fellow of King’s College, London, 
LectuHT on Mineralogy nnd Geology at the 1I.E.I.C. Mil. Seni. at Addisconibe, 
late Fellow of Jesus College, Cambridge. A Second Edition, post 8vo, with 
many Illustrations, V2n. 

THE ANCIENT WORLD. By Professor ANSTED. Second Edition, post 
8vo, IOjt. Oc/., with 149 Illustrations. 

“ The work may be described as an outline of the history of yegetable and 
animal life upon the glob«', from the e^ly J^e when there were only sea- 
w’eeds nnd marine invertebrates os yet in existence, down to the era when 
the mammals reeeivetl among them the king of species, Man. By his inti- 
mate acquaintance with the subject, and power of arrnngc'ment nnd de- 
scription, Professor Anstcd succeeds in producing a narration, w hich tells 
in its entire range like a romance .” — Manchester Examiner. 

GOLD-SEEKER’S MANUAL. By Professor ANSTED. Foolscap Svo, ai. fid. 

GEOLOGIST’S TEXT-BOOK. Chiefly intended as a Book of Reference for 
the Geological Student. By Professor ANSTED. Foolscap 8vo, 3s. 6d. 

THE GROUND BENEATH US ; its Geological Phases and Changes. Three 
Lectures on the Geology of Claphom and the neighbourhood of London gene- 
rally. By JOSEPH PRESTWICH, F.B.S., F.G.S., &c. 8to, 3s. 6d. sewed. 

GEOLOGICAL INQUIRY RESPECTING THE WATER-BEARING 
STRATA OP THE COUNTRY AROUND LONDON, with reference espe- 
cially to the Water Supply of the Metropolis, and including some Remarks on 
Springs. By JOSEPH PRESTWICH, F.G.S., &o. 8vo, with a Map and 
Woodcuts, 8s. Qd. • 

MANUAL OF THE MINERALOCijr OP GREAT BRITAIN AND IRE- 
LAND. By ROBERT PHILIPS GREG, F.G.S., and WILLIAM G. LBTT- 
SOM, 8vo, with numerous Woodcuts, 15s. 

HISTORY OF BRITISH FOSSIL MAMMALS AND BIRDS. By Professor 
OWEN. This volume is designed as a companion to that by Professor Bell 
on the (Recent Mammalia) ‘ British Quadrupeds and Cetacea.' 8vo, with 237 
Illustrations, £l 11s. 6d., or large paper (royal 8vo), £3 3s. 

DESCRIPTION OP THE SKELETON OP AN EXTINCT GIGANTIC 
SLOTH (Mylodon robustus). With Observations on the Osteology, Natural 
Affinities, and probable Habits of the Megatherioid Quadrupeds in general. 
By RICHARD OWEN, F.R.S., &o. 4to, £1 12s. 6d. 

memoirs of HUGH E. STRICKLAND, M.A., Deputy Reader of Geology 
in the University of Oxford. By SIR WILLIAM JARDINE, Bart. ; with a 
selection from his Printed and other Scientiflo Papers. Royal 8to, Illustrated 
by Maps, Geological Sections, Plates and Woodcuts, 36s. 

OMPHALOS. An Attempt to Untie the Geological Knot. By P. H. GOSSE, 
P.R.8. The Ihw of Prochronisra in organic creation. Post 8vo, with 56 Illus- 
trations OTT Avood, lOs. 6d. 
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GENERAL NATURAL HISTORY, &c. 

ESSAYS AND OBSEllYATIONS ON NATURAL HISTORY, ANATOMY, 
PHYSIOLOOY.PSYCHOLOOY, AND GEOLOGY. By JOHN HUNTER, 
F.R.8. Being hia Posthumous Papers on tliose subjects, arranged and revised, 
with Notes, by RICHARD OWEN, K.R.S., D.C.L., Superintendent of the 
Natural History Department, Britisli Museum, Ac. Ac. 2 vols. Svo, £1 11s. Qd. 

THE NORTH-ATLANTIC SEA- BED; comprising a Diary of the Voyage on 
board H.M.8. ‘BuUdog’ in ISOO, and Observations on the Presence of Animal 
Life, and the Eonuation and Nature of Organic Deposits, at great depths in 
the Ocean. By G. C. WALLICH, M.D., E.L.S., F.G.S. Published with the 
sanction of the Lords Commissioners of the Admiralty. -Ito, Part 1., with Map 
and 0 Plates, 16«. Part II., completing the work, will contain the remaining 
portion of the letter-press and Plates (7 to 20), and will be published shortly. 

MEMOIR OF THE REV. J. S. HENSLOW, M.A., F.L.8., F.G.S., F.C.P.S., 
Rector of Hitcham, and Professor of Botany in the University of Cambridge. 
By the REV. LEONABD JENYN8, M.A., P.L.8., P.G.8., F.C.P.8. Post 
8vo, with a Photographic Portrait, 7s. 6d. 

THE HONEY-BEE ; its Natural History, Habits, Anatomy, and Miorosoopical 
Beauties. With Eight Tinted lUnstrative Plates. By JAMBS SAMUEL80N 
assisted by Dr. J . BRAXTON HICXS. (Forming a Second Part of Humble 
Creatures.) PostSyo, 6r. 

HUMBLE CREATURES (Parti); THE EARTHWORM AND THE COM- 
MON HOUSEFLY. In Eight Letters. By JAMES BAMUEL80N, assisted 
hy J. B. HICKS, M.D. Lond., F.L.S. With Microscopic Illustrations by the 
Authors. Second Edition, post 8to, 3s. 6d. 

OATHEHINaS OF A NATURALIST IN AUSTRALASIA; being Obserra- 
tions princiiially on the Animal and Vegetable Productions of New South 
Wales, New Zealand, and some of the Austral Islands. By GEORQ-B BEN- 
NETT, M.D., F.L.S., F.Z.8. 8vo, with 8 Coloured Plates and 24 Woodcuts* 21s. 

THE MICROGRAFHIC DICTIONARY ; a Guide to the Examination and In- 
Testigation of the Structure and Nature of Mioroscopio Objects. By Dr. 
GRIIFITH and Professor HENFREY. Second edition, with 2^59 Figures 
(many coloured), in 45 Plates and 813 Woodcuts, 840 pp., 8vo, £2 5s. 

OBSERVATIONS IN NATURAL HISTORY; with a Calendar of Periodic 
Phenomena. By the Rev. LEONARD JENYNS, M.A., P.L.S. Post 8yo, 


OBSERVATIONS IN METEOROLOGY; relating to Temperature, the Winds, 
At^mosphenc Pressure, the Aqueous Phenomena of the Atmosphere, Weather 
Changes, &o. By the Rev. LEONARD JENYNS, M.A., P.L.8., &c. PostSvo 

lOs. ’ 

PRACTICAL METEOROLOGY. By JOHN DREW, Ph.D* ^R.A.8., Cor- 
responding Member of the Philosophical Institute of BMe. Second Edition, 
foolscap 8vo, with 11 Illustrative Plates, 5s. 

THE AQUARIAN NATURALIST : a Manual for the Sea-side. By Professor 
T. RYMER JONES, F.R.S. Post 8vo, 541 pp., with 8 Coloured Plates, 18s. 
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NATURAL HISTORY OF ANIMALS; being the Substance of Three Courses 
of Lectures delivered before the Royal Institution of Great Britain. By 
T. RYMER JONES, F.R.S., Professor of Zoology in King’s College, London. 
Post 8vo, Vol. I. with 105 Illustrations; Vol. II. with 101 Illustrations, 12g. 
each. 

GENERAL OUTLINE OP THE ORGANIZATION OF THE ANIMAL 
KINGDOM, AND MANUAL OF COMPARATIVE ANATOMY. By T. 
RYMER JONES, P.R.S., Professor of Comparative Anatomy in King's Col- 
lege, London ; late Fullerian Professor of Physiology to the Royal Institution 
of Great Britain, &c. &c. Third Edition, 8vo, £1 ID. ttd. 

FIRST STEPS TO ANATOMY. By JAMES L. DRUMMOND, M.D., Pro- 
fessor of Anatomy and Physiology in the Belfast Royal Institution. With 12 
Illustrative Plates. 12mo, 5«. 

GREAT ARTISTS AND GREAT ANATOMISTS a Biograiihical and Philo- 
sophical Study. By R. KNON, M.D., F.R.S.E. Post 8vo, (is. (id. 

ILLUSTRATIONS OF INSTINCT, deduced from the Habits of British Ani- 
mals. By JONATHAN COUCH, F.L.S., Member of the Royal Geological 
Society, and of the Royal Institution of Cornwall, &c. Post 8vo, 8s. 6d. 

DESCRIPTIVE ETHNOLOGY. By ROBERT GORDON LATHAM, M.D., 
F.R.S., Fellow of King’s College, Cambridge; Vioe-President of the Ethnolo- 
gical Society of London; Corresponding Member of the Ethnological Society 
of New York. 2 toIs. 8yo, £1 12t. The portion on Indian Ethnology, sepa- 
rate, I6tf. 

NATURAL HISTORY OF THE VARIETIES OF MAN. By Dr. LATHAM. 
8vo, Illustrated, £1 1«. 

ETHNOLOGY OF EUROPE. By Dr. LATHAM. Foolscap 8vo, 5#. 

ETHNOLOGY OF THE BRITISH ISLANDS. By Dr. LATHAM. Fools- 
cap 8vo, 6s. 

ETHNOLOGY OF THE BRITISH COLONIES AND DEPENDENCIES. 
By Dr. LATHAM. Foolscap 8vo, 6s. ^ 

MAN AND HIS MIGRATIONS. By Dr. LATHAM. Foolscap 8to, 5s. 

ANATOMICAL MANIPULATION; or. The Methods of pursuing Practical 
Investigations in Comparative Anatomy and Physiology. Also an Introduc- 
tion to the Use of the Microscope, &c. By ALFRED TULK, M.R.C.S., 
M.E.S. ; and ARTHUR HENFRE Y, F.L.S.^ M.Micr.S. With Illustrative 
Diagrams. Foolscap 8vo, 9s. 

ON THE VARIATION OF SPECIES, with especial reference to the Insecta ; 
followed by an Inquiry into the Nature of Genera. By T. VERNON WOL- 
LASTON, M.A., F.L.8. Post 8vo, 5s. 

• 

MANUAL OR NATURAL HISTORY FOR THE USE OF TRAVELLERS- 
being a Description of the Families of the Animal and Vegetable Kingdoms, 
with Remarks on the X’ractical Study of Geology and Meteorology. To which 
are appended Directions for Collecting and Preserving. By ARTHUR 
ADAMS, M.R.C.S.; W. BALFOUR BAIKIE, M.D.; and CHARLES BAR- 
^ RPN, Curator of the Royal Naval Museum at Hasla;;. Post 8vo, 12«. 
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LETTEHS OF RUSTICUS ON NATURAL HISTORY. Edited by EDWARD 
NEWMAN, F.L.S., F.55.S., &c. 8vo, 8#. (*>rf. 

THE ZOOLOGIST; a Journal of Natural llistor}'. Nos. 1 to U each. 

THE SEA-SIDE BOOK: an Introduction to the Natural History of the Bri- 
tish Coasts. By W. H. HARVEY, M.D., M.R.I.A., &e. With a Chapter on 
Fish and Fish Diet, by YARRELL. Foolscap Svp, ^^ith 83 Woodcut Illustra- 
tions, 4th Edition, 5^. 

X HISTORY OF THE BRITISH SEA-ANEMONES AND MADREPORES. 
With Coloured Figures of all the Species. By PHILIP HENRY GOSSE, 
r.R.S. 8vo,£lU 

HANDBOOK OF THE MARINE AQUARIUM; containing Practical In- 
structions for Constructing, Stocking, and Maintaining a Tank, and for Col- 
lecting Plants and Animals. By P. H. GOSSE, F.R.S. Foolscap 8vo, Second 
Edition, 2s. 6d. 

MANUAL OP MARINE ZOOLOGY OF THE BRITISH ISLES. By 
P. H. GOSSE, P.B.8. Parts I. and II., 7s. 6J. each. 

A NATURALIST'S RAMBLES ON THE DEVONSHIRE COAST. By 
P. H. GOSSE, F.R.S. With 28 Lithographic Plates, some coloured, post 
8to, One Guinea. 

THE AQUARIUM : an UnveiUng of the Wonders of the Deep Sea. By 
P. H. GOSSE, F.11.S. Post 8vo, Illustrated, Second Edition, 17 j». 

THE CANADIAN NATURALIST. By P. H. GOSSE, F.R.S. With 4t 
Illustrations of the moat remarkable Animal and Vegetable productions. 
Post 8yo, 12«. 

CENBY: A SEASIDE HOLIDAY. By P. H. GOSSE, F.R.S. PostSro, 
vrith 24 Coloured Plates, 21s. 

THE ISLE OF MAN ; its History, Physical, Ecclesiastical, and Legendary. 
By J. G. GUMMING, M.A., F.G.S, Post 8to, 12s. 

NATURAL HISTORY OF THE COUNTY OF STAFFORD; comprising its 
Geology, Zoology, Botany, and Meteorology : also its Antiquities, Topography, 
Manufactures, &c. By ROBERT GARNER, F.L.S. With a Geological Maj) 
and other Illustrations, 8vo,wi|j^ a Supplement, 10«. Price of the Supplement, 
2s. Od. 


THE NATURAL HISTORY OP SELBORNE. By the late Rev. GILBERT 
WHITE, M.A. A New Edition, with Notes by the Rev. LEONARD JENYNS, 
M.A., F.L.B., &c. ; with 26 Illustrations, foolscap Bvo, 7«. 6d. 

TRAVELS IN LYCI A, MILY AS, AND THE C1BYRATI8, in company with 
the late Rev. E.T.Daniell. By Lieut. SPRATT,R.N., and Professor EDWARD 
FORBES. Two vols. 8vo, with numerous Illustrations, including Views of the. 
Scenery, Plans of Ancient Cities and Buildings, Plates of Coins and Inscrip- 
tions, Cuts of Bock Tombs, Fossils, and Geological Sections, and an original 
Map of Lycia. ZQs. 

HEALTHY RESPIRATION. By STEPHEN H. WARD,' M.D.. Foolscap 
8vo, Is. 6d. • 

TOBACCO AND ITS ADULTERATIONS. By HENRY P. PRESCOTT, of 
the Inland Revenue Department. With upwards of 250 Illustrations drawn 
and engraved on Forty Steel Plates. 8vo, 12«. 6t/. 
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A LTFJ^ OP LINNAEUS. Jjy Miss BBIGHTWELL of Nonvich. Foolseap 
Hvo, ;k 6r/. 

8CH.>iERY, SCIENCE, AND ART; Extracts from the Note-book of a 
Geologist and Mining Engineer. By Professor D. T. AN8TED, M.A., F.R.S., 
&c. 8vo, with Woodcuts and Four Views in tinted lithography, 10». 6t/. 

ILLUSTRATIONS OP ARTS AND MANUFACTURES ; being a Selection 
Iroin a Seri(*s of Papers read before thi* Society for the Encouragement of Arts, 
hfanufaetures, and Commerce. By ARTHUR AIKIN, F.L.S., F.G.S., &c., 
lute Secretary to that Institution. Foolscap 8vo, 8^. 

THE POOR ARTIST; or, Seven Eyc-Sighls and One Object. “SCIENCE IN 
FABLE.” Foolscap 8vo, with a Frontispiece, 5«. 

SUNDAY BOOK FOR THE YOUNG; or, Habits of Patriarchal Times in tho 
East. With Woodcuts, 2a. U. By ANNE BULLAR. 

Other Books for Yoimg Persons, hy Miss BuUar, 

DOMESTIC SCENES IN GREENLAND AND ICELAND. With Wood- 
cuts, 29. Second Edition. 

ENGLAND BEFORE THE NORMAN CONQUEST. 29. 6d. 

ELEMENTS OP PRACTICAL KNOWLEDGE; or. The Young Inquirer 
Answenal. Explaining in Question and Answer, and in familiar language, 
what most things daily used, seen, or talked of, are; what they arc made of, 
where found, and to what uses applied. Including articles of food and aliment ; 
miscellanies in common use; metals, gems, jewellery; and some account of 
the principal inventions and most interesting manufactures. Second Editi^, 
18mo, with Illustrations, :i«. cloth. 

CUPS AND THEIR CUSTOMS. Po<t 8vo, 2^. 6d. 

HOUSE DOGS AND SPORTING DOGS: their points, breeds, management, 
and diseases. By JOHN MEYRICK. Foolscap 8vo, 8«. (W. 


ARCHITECTURE AND THE PINE ARTS, &c. 

INSTRUMENTA ECCLESIASTICA: a Series of Working Designs, engraved 
on 72 Plates, for the Furniture, Fittings, and Decorations of Churches and 
their Precincts. Kdited by the Ecclesiological, late Cambridge Camden So- 
ciety. Ho, £1 11«. 6d. 

The Second Scries conUins a Cemetery Ch^iel, with Sick -house and Gateway 
Tower— A Wooden Church— A Chajiel School— Schools and School-houses— 
A Village Hospital— An Iron Church— And Designs for Funeral Fittings, 
for Timber Belfries, and for a variety of Works in Metal, Wood, and Stone. 
Price alsu^h?!!#. 

BAPTISMAL FONTS. A Series of 125 Engravings, examples of the different 
Periods, accompanied with Descriptions. With an Introductory Essay by 
F. A. PALEY, M.A., Honorary Secretary of the Cambridge Camden Society. 
S n^^ nc Guinea. 
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TREATISE ON THE RISE AND PROGRESS OF DECORATED WINDOW 
TRACERY IN ENGLAND. By EDMUND SHARPE, M.A., Architect. 8yo, 
Illustrated with 97 ^^^oo(lcut8 and Six Engranngs on steel, 10«. 6d. And a 

SERIES OF ILLUSTRATIONS OP THE WINDOW TRACERY OP 
THE DECORATED STYLE OF ECCLESIASTICAL ARCHITECTURE. 
Edited, with descriptions, by Mr. SHARPE. Sixty Engravings on steel, 8vo, 
2U. 

HERALDRY OF FISH. By THOMAS MOULE. The Engravings, 205 in 
ntunber, are from Stained Glass, Tombs, Sculpture, and Carving, Medals and 
Coins, Rolls of Anns, and Pedigrees. 8vo, 21s. A few on large paper (royal 
8vo), for colouring, £2 2«. 

SHAKBPEARE’S SEVEN AGES OF MAN. lllostrated by WM. MUI- 
READY, R.A.; J. CONSTABLE, R.A.; SIR DAVID WILKIE, E.A.; W. 
COLLINS, E.A.; A. E. CHALON, E.A.; A. COOPER, R.A.; SIR A. W. 
CALLCOTT, R.A.; EDWIN LANDSEER, R.A.; W. HILTON, R.A. Post 
8vo, 6s. A few copies of the First Edition in 4to remain for sale. 

GRAY’S ELEGY IN A COUNTRY CHURCH-YARD. Each Stanza illus- 
trated with an engraving on wood, from 33 original drawings. Elegantly printed, 
in post 8vo, 98. cloth. (Small edition, 2s. 6d.) 

A Polyglot Edition of this volume, with interpaged Translations in the Greelc, 
Latin, German, Italian, and French languages. 12#. 

GRAY’S BARD. With Illustrations by the Hon. Mrs. JOHN TALBOT. . Post 
Jvo, 7#. 

THE VICAR OF WAKEFIELD. Wth 32 Illustrations by WILLIAM MUL- 
READY, R.A.; engraved by JOHN THOMPSON. First reprint. Square 
8vo, 10#. 6d. 

“ And there are some designs in the volume in which art mav justl;^ boast 
of having added something to even the exquisite fancy of Goldsmith.” — 
Examiner, 

MANUAL OF GOTHIC ARCHITECTURE. By F. A. PALEY, M.A. With 
a full Account of Monumental Brasses and Ecclesiastical Costume. Foolscap 
8vo, with 70 IWustTaVxona, 0«. Od. 

“ To the student of the architectuTc of old, English churches this heanUfnl 
httle volume will prove a most acceptahlc manual.” — Spectator. 

MANUAL OF GOTHIC MOLDINGS. A Practical Treatise on their forma- 
tions, gradual development, combinations, and varieties ; with full directions 
for copying them, and for determining their dates. Illustrated by nearly 600 
examples. By F. A. PALEY, M.A. Second Edition, 8vo, 7«. 6d. 

“ Mouldings are the scholarship of architecture.”— C%ri«^iaw Eem&mhraneer. 

THE FARMER’S BOY AND OTHER RURAL TALES AND POEMS. By 
ROBERT BLOOMFIELD. Foolscap 8vo, Is. 6</. With ^Tllustrations by 
Sidney Cooper, Horsley, Frederick Tayler, and Thomas Webster, A.R.A. 

WATTS’S DIVINE AND MORAL SONGS. With 30 lUustrationa by C. W. 
COPE, A.R.A. ; engraved by JOHN THOMPSON. Square 8vo, 7#.6d. ; copies 
bound in morocco. One Guinea. ^ 
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THE ECONOMY OF HUMAN LIFE. In Twelve Books. By R. DODSLEY. 
With Twelve Plates, engraved on steel, from original designs, by Prank Howard, 
Harvey, Williams, &c. 18mo, gilt edges, 5«. 

BIBLIOORAPHTCAL CATALOGUE OF PRIVATELY PRINTED BOOKS. 
By JOHN MARTIN, F.S.A. Second Edition, 8vo, 21#. 

THE CURRENCY UNDER THE ACT OP 1844; together with Observations 
on Joint Stock Banks, and the Causes and Results of Commercial Convulsions. 
From the City Articles of “ The Times.” 8vo, 6#. 


NATUBAL HISTOBY OB THl BBTIim 

Thii Series of Works is lUiistrated by many Hundred Engravings: 
every Species has hem Drawn and Engraved under the 
immediate inspection of the Authors ; the best 
Artists have hem employed^ and no care 
or expense has been spared. 


A few Copies have been printed on Larger Paper, 

SESSILE-EYED CRUSTACEA by Mr. SPEKCE Bate snd Ptotessor W*W* 
MOOD. Part I to 10, price 2#. W. eadh. 

QUADRUPEDS, by Professor Bell. A New Edition preparing. 

BIRDS, by Mr. Yabrell. Third Edition, 3 toIs. £i 14#. 6c/. 

COLOURED ILLUSTRATIONS OP THE EGOS OF BIRDS, by 
Mr. Hemitbon. Third Edition, 2 vols., £4 14#. 6</. 

REPTILES, by Professor Bell. Second Edition, 12#. 

FISHES, by Mr. Yarbell. Third Edition, edited by Sir JODW RiCirABDflOJr, 
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